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PREFACE 

The  Surgical  Laboratories  of  the  Department  of  Surgery, 
College  of  Physicians  and  Surgeons,  New  York  City,  were  or- 
ganized in  1903  by  Dr.  Joseph  A.  Blake  then  Professor  of 
Surgery,  with  the  encouragement  of  a  fomier  professor  of 
the  College,  Dr.  William  T.  Bull.  Articles  have  been  pub- 
lished from  time  to  time  by  the  various  investigators  work- 
ing in  these  laboratoiies,  reprints  of  which  have  been  bound 
in  book  form.  Volume  i  of  this  series  includes  the  reprints 
of  articles  published  from  1903  to  1907 ;  volume  ii,  1907-1917 ; 
volume  iii,  1918-1920.  From  1914  Dr.  George  E.  Brewer  was 
Professoi  of  Surgery  and  later  Dr.  Adrian  V.  S.  Lambert 
acted  as  such  until  Dr.  Allen  0.  Whipple  was  appointed  in 
1921.  Tliis  present  volume  iv  includes  reprints  of  publica- 
tions from  1920  until  1927. 

A  glance  over  the  articles  reveals  that  in  them  the  chang- 
ing mode  of  thought  of  the  surgeon  has  been  closely  par- 
alleled. The  men  in  the  eighties  and  nineties  of  the  last  cen- 
tury felt  that  the  operative  procedure  was  all  important,  while 
the  present  day  surgeon  who  brings  the  most  to  his  patient 
is  almost  a  physician  interested  in  all  specialties,  all  arts,  all 
sciences. 

Articles  dealing  largely  v\ith  technique,  it  is  true,  are  to 
be  found  in  these  volumes,  but  those  dealing  with  biolog:.', 
with  embryology,  v/ith  physiology,  with  bacteriology,  with 
immunity  and  with  physical  chemistry  ai'e  numerous.  Atten- 
tion is  called  to  the  wide  range  of  interest  of  the  investiga- 
tors and  particularly  to  their  industry. 

Personal  observations  of  the  actual  Vvork  from  1903  to  the 
present,  of  the  care  of  the  laboratory,  the  specimens,  the  ap- 
paratus and  of  the  aumials  hao  shown  convnicingly  how  ideal 
all  must  be,  particularly  the  surgical  technique  employed,  in 
order  to  v/arrant  conducting  such  experiments.  Similiarly 
there  have  been  those  who  have  carefully  reviewed  the  ef- 
forts of  others  and  who  have  given  much  tliought  to  their 
own  attempts.  These  men  were  striving  to  know  what  hap- 
pened, what  were  the  factors  involved,  rather  than  either  to 
disprove  others  or  to  approve  their  own  theories.  Appar- 
ently those  Y.-ith  the  widest  interests  and  those  who  were 
av/are  that  many  others  were  contributors  to  the  accuracy  ol 
their  own  observations,  of  happenings  in  their  n\dividu;il  ex- 
periments, were  the  most  constructive.  And  the  worth  of  any 
attempt  could  never  be  foretold;  for  almost  always  valuable 
observations  accrued  which  were  far  aside  from  the  "plan 
of  the  investigator.  Tn  fact,  in  teaching  the  mediciU  students 
who  have  passed  through  the  College  of  Physicians  and  Sur- 
geons during  these  years,  it  is  hard  to  evaluate  the  mfomia- 
tion  traceable  to  the  efforts  and  products  of  these  many  ex- 


perimenters.  The  articles  found  in  ^hese  four  volumes  reveal 
but  a  fragment  of  the  time  and  effort  expended  during  these 
twenty-five  years  in  the  laboratory  by  students  and  by  grad- 
uates, who  never  published  their  observations  but  surely  car- 
ried away  to  their  practice  added  experience  in  the  art  and 
science  of  surgery.  As  a  consequence,  the  Laboratory,  the 
College  and  medicine  is  deeply  indebted  to  all  who  have  given 
so  freely  of  their  time  and  effort.  Therefore,  appreciation  is 
here  expressed  for  what  they  have  accomplished,  well  know- 
nig  the  satisfaction  so  many  of  them  have  derived  from  their 
work. 

The  readings  made  by  man  by  means  of  his  many  mar- 
velous instruments  of  precision  focussed  upon  happenings  in 
every  field  of  science,  ail  his  observations  made  througii  the 
ages,  assayed  by  the  modes  of  thought  which  have  been  nur- 
tured by  philosophy  and  reassayed  by  mathematics,  declare 
against  a  status  qdio  and  inevitably  in  favor  of  continuous 
change.  Ail  is  happenings;  all  is  change — happenings/  func- 
tions— never  li.mg  nor  structure  alone.  This  presages  that 
the  investigator  m  biology  must  be  cautious  if  he  leans  too 
heavily  upon  statistics,  upon  records  of  things  "'discovered  ' 
upon  "conclusions."  All  those  who  count,  measure  and  weigh, 
ci.ealing  in  lengtii,  breadth  and  thickness  must  be  c:iutious  lest 
they  forget  that  they  probably  live  in  a  many  dimensioned 
spheie  of  continuous  happenings  upon  which  they  are  at- 
tempting to  fix  a  three  dimensional  hat  that  they  have  been 
tauglit  to  see.  The  investigator,  therefora,  must  be  aware 
that  nothing  is  dead,  but  all  is  aiive;  he  must  be  aware  that 
he  never  sees  a  comimencement  nor  an  ending;  he  must  be 
wholly  av/are  that  in  such  a  many  dimensioned  arena  no  con- 
clusions are  possible.  Thus  all  "events"  with  a  coamience- 
ment,  an  ending,  are  figments  of  the  imagination  in  a  hope- 
less effort  to  rationalize  all  human  liappenings,  man's  evolu- 
tion, l;is  growth,  his  decay,  his  seeming  structure.  But,  can 
segments  of  the  eternal  exist  save  in  the  imagination  of  man 
to  v.lioni  events  appear  to  be  very  much  of  life  and  of  living? 

Furthermore,  in  educational  organizations,  in  experimental 
procedures  as  well  as  in  other  daily  deeds,  this  conception  of 
"events,"  commencing  and  ending,  leads  to  a  mode  of  thought 
which  moulds  information  and  performance  into  distinctive 
building  blocks.  By  m.eans  of  thought  employing  these  three 
dimensioned  blocks,  similar  styles  in  architecture  can  result 
which  in  their  essence  appear  unrelated.  Thus  man  is  able 
to  conduct  himself  more  comfortably  in  life,  in  experimenta- 
tions and  in  thoughts,  seeming  to  believe  concomitantly  in 
most  contradictory  happenings  and  with  the  imaginary  fac- 
tors in  nice  cut  and  dried  packages.  Many  observers  believe 
in  divers  conceptions  which  to  others  seem  to  be  diamentric- 
ally   opposed.      So    it    is   possible    for   many   to   disassociate 


thought  in  tlie  performance  of  daily  procedures  uhich  appear 
to  be  in  conflict.  And  furthermore  always  to  make  infomia- 
tion  more  easily  handled  and  more  palatable,  it  is  constantly 
undergoing  subdivision.  Thus  upon  education  an  increasing 
burden  has  been  placed  by  its  very  self. 

All  happenings  are  related.  All  knowledge  must  be  as- 
sociated as  it  actually  is  in  a  single  mass.  In  man's  daily 
deeds,  in  his  expeiiments,  in  his  customs,  in  his  unconscious 
thoughts,  he  must  be  as  he  is,  involved  with  all  people,  with 
ail  things  and  not  as  his  uppermost  thoughts  portray  him 
to  himself,  an  isolated  individual.  This  association  of  all 
happenings,  as  a  conception,  since  it  precludes  the  cutting 
of  infomiation  into  events  or  details  and  a  seeming  dissocia- 
tion in  what  is  apparent,  should  progi'essively  lighten  the 
burden  in  education.  Each  bridge,  however  large,  is  ahvays 
in  its  happenings  but  a  part  of  another,  of  all  other  happen- 
ings, A  bridge  builder  aware  of  this  concept  does  not  fool 
him.self  v.hiie  he  acts  and  thinks  in  terms  of  events.  He,  if 
he  be  awai^e  of  v.hat  he  is  doing,  unhesitatingly  goes  out  into 
the  unknown  and  conceives  of  a  bridge  twice  as  great  as  has 
been  built  ax^cording  to  the  formulae  to  be  found  in  any 
printed  book.  With  unconscious  awareness  he  portrays  in 
his  art  what  is  not  apparent  to  other  men.  They  see  only 
in  terms  of  events  as  they  are  adapted  in  life  to  their  sur- 
roundings— as  they  see  with  their  eyes.  Here  is  the  mysteri- 
ous secret  with  which  Nature  plays  v.-ith  complacent  m.an.  If 
his  limit  in  seeing  is  to  be  the  confines  in  the  happenings  in 
all  Nature  he  must  strive  to  see  for  himself  and  to  see  always 
beyond  wliere  he  sees.  And  Nature  through  all  men  goads 
alf  men  on  their  v/ay.  This  appeai-s  to  be  the  only  v;ay  out 
from  the  wheel  on  v\-hich  individual  man  feels  he  is  at  pres- 
ent v.hirling  faster  and  faster  to  his  progressive  confusion. 
He  constantlv  takes  himself  more  seriously,  an  individual  so 
masterful  in 'choosing  his  deeds!  Each  man  in  turn  accuses 
his  neighbor  and  dispenses  "justice"  and  all.  even  the  most 
antisocial,  mxust  live  along  with  their  neighbors,  with  Nature, 
each  and  all  influencing  every  one  in  turn.  \et  Nature  never 
counts,  measures,  repines  nor  explains,  she  lives  only  in  the 
present  She  exacts  perfomiance  and  not  appraisal,  not  pro- 
fession. Onlv  attempted  perfonr.ance  leads  through  a  pro- 
o-ressive  adaptation  of  each  man,  by  all  men,  by  all  nature 
towards  the  misty,  but  attractive,  almost  limitless  possibili- 
ties in  achievement.  Walter  Pater  has  written  m  Apprecia- 
tions"- '-Experience  answers  that  the  dominant  tendency  oi 
life  is 'to  tuni  ascertained  truth  into  a  dead  letter,  to  make 
us  all  tlie  phieumaiic  sen'ants  of  routine.  The  relative  spirit, 
bv  its  constant  dwelling  on  the  more  fugitive  conditions  or 
circumstances  of  things,  breaking  thi-ough  a  .^^^^f  ^^"^^/'^^f/^ 
and   brutal   classificiitions   and  givmg  elasticity   to   inflexible 


principles,  begets  an  intellectual  finesse  of  which  the  ethical 
result  is  a  delicate  and  tender  justice  in  the  criticism  of  hu- 
man life."  Man  will  continue  dissatisfied  unless  he  acquires 
an  unconscious  understanding  that  happiness  lies  in  continu- 
ous performance,  in  the  progressive  satisfaction  of  aspiration. 

In  the  continuum,  to  which  all  evidence  seems  to  point,  no 
disease,  no  fracture  of  bone  even,  no  effort,  not  even  a  thought 
of  man  has  a  commencement  in  an  event.  In  all  duration 
and  across  all  space,  in  all  dimensions,  all  happenings  are  of 
the  continuum,  of  which  continuum  "each"  man  and  his  dis- 
eases, his  accidents  appear  to  him  to  be  an  "event."  Is  he 
not  a  party  to  the  "events"  of  his  great  grandfather's  milieu 
as  well  as  to  those  of  his  own? 

All  branches  of  medicine  and  surgery  require  the  adven- 
turous explorer,  as  was  John  Hunter.  Therefore,  it  is  sin- 
cerely hoped  that  the  hampering  chains  of  organization  will 
not  be  too  heavilj^  loaded  upon  thought  m  medicine  and  in 
medical  education  so  that  all  trends  can  be  more  freely  fol- 
lowed, even  in  a  surgical  laboratory,  thus  ultimately  leading 
away  from  an  acquiescent  attitude  of  mind  and  fonnality  in 
thought  to  a  wider  understanding  of  man,  his  emotions,  his 
needs,  his  burdens. 
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THE    SLOW    INTRAVENOUS    ADMINIS- 
TRATION OF  LARGE  DOSES  OF 
SODIUM  CITIL^TE. 
A  New  Method  for  tJic  Control  of  Bleeding  * 
By  Harold  Neuhof,  M.  D.. 
New  York, 
AND  Samuel  Hirshfeld,  M.  D., 
New  York, 

(From  the  Department  of_  Surgical  Research,  College  of  Physi- 
cians and  Surgeons,  Columbia  University,  and  the  Surgical .  Serz'icc 
of  Dr.  Howard  Lilienthal,  Mount  Sinai  Hospital.) 

When  the  citrate  method  of  blood  transfusion 
was  introduced  in  1915.  the  question  that  at  once 
arose  was  whether  the  intravenous  introduction  of 
sodium  ctirate,  recognized  as  an  anticoagulant, 
would  not  result  in  a  .suspension  of  coagulation  in 
the  recipient's  blood.  It  was  soon  established  con- 
clusively, however,  that  this  did  not  occur ;  in  fact, 
a  transient  shortening  of  the  coagulation  time  in  the 
recipient,  with  a  subsequent  return  to  the  previttus 
level,  was  found  to  follow  the  transfusion  of  citrated 
blood.  In  an  effort  to  seek  an  explanation  for  this 
paradoxical  action  some  experiments  were  begun  by 
Neuhof    in    1916,   and   taken    up   again    last    year. 

The  experiments  will  be  reported  in  some  detail 
at  a  later  date.  In  brief,  they  establish  the  follow- 
ing hitherto  undescribed  results  of  sodium  citrate 
injections:  1.  The  coagulation  time  is  tremendously 
shortened  within  a  few  minutes  of  the  introduction 
of  nontoxic  doses  of  sodium  citrate,  and  this  short- 
ened coagulation  time  is  sustained  for  one  or  more 
days.  2.  The  bleeding  time  is  likewise  shortened  so 
that,   after  citrate   injection,    large   vessels   can   be 

•Read  at  the  stated  meetinR  of -the  Surgical  Section  of  the  New- 
York  Academy  of   Medicine,    December  2,    1920. 
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divided  with  prompt  cessation  of  hemorrhage.  3. 
Coincident  with  the  shortened  coagulation  tnne  the 
venous  blood  is  altered  in  color  to  a  light  arterial 
tint.  In  addition,  the  experiments  demonstrated 
that  there  is  no  fixed  toxic  or  lethal  dose  of  sodium 
citrate  per  kilogram  of  body  weight,  but  that  toxicity 
depends  to  a  remarkable  degree  upon  the  rate  of 
introduction  of  the  citrate  solution. 

Few  and  incomplete  observations  have  been  re- 
ported on  the  effect  of  sodium  citrate  administered 
intravenously  in  the  human  being.     Weil    (1)    re- 
ported the  administration  of  sodium  citrate  in  one 
patient,  an  adult.     Five  grams  of  a  twenty  per  cent, 
solution  were  injected.     The  coagulation  time  was 
halved;  no  other  data  were  given.     In  a  case  of 
hemophilia,  described  by  Ottenberg   (2),  a  minute 
dose   (0.6  gram)   was  followed  by  a  marked  drop 
in  coagulation  time.     Forty-eight  hours  later  a  pro- 
longation of  coagulation  time  was  found.     Kinsella 
and  Brown  (3)  recently  reported  an  attempt  to  con- 
trol the  hemorrhagic  manifestations  in  the  lungs  in 
influenza  by  the  intravenous  introduction  of  sodium 
citrate   in    one   gram    doses   and    reported   marked 
effects  on  coagulation  time  in  five  patients.    Finally 
we  learned  very  recently,  through  the  courtesy  of 
Dr.  Lewisohn,  that  Weil  attempted  to  control^  bleed- 
ing in  three  patients  by  the  intravenous  administra- 
tion of  one  gram  doses  of  sodium  citrate ;  the  results 
were  not  published.     From  none  of  these  reports 
can  one  gain  any  idea  of  the  duration  of  the  changed 
coagulation  time  following  citrate  injections  except 
possibly  in  Ottenberg's  case.     In  all,  with  the  single 
exception   of   Weil's   case,   very    small   doses   were 
employed.     We  have  been  unable  to  find  any  reports 
in  the  literature  of  any  study  of  the  possible  effects 
of  large  doses  of  sodium  citrate  on  bleeding. 

Our  clinical  observations  were  begun  a  year  ago 
and  are  being  continued  at  the  present  time.  About 
a  hundred  injections  of  large  doses  of  sodium 
dtrate  have  been   g'nen   by  us,  and   this   report   is 
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based  upon  the  observations  made  in  these  cases. 
The  tests  used  for  determining  coagulation  time 
will  be  described  elsewhere,  and  also  the  evolution 
of  the  optimum  dose  of  the  drug.  We  now  employ 
a  dose  of  from  six  to  eight  grams  for  adults  and 
one  to  three  grams  for  children,  and  believe  that 
in  the  former  the  six  gram  dose  will  prove  to  be 
the  most  satisfactory. 

Preparation  and  concentration  of  the  sodium 
citrate  solution.— The  solution  is  prepared  by  dis- 
solving U.  S.  P.  sodium  citrate  in  distilled  water, 
filtering  if  necessary.  The  solution  is  sterilized  in 
an  autoclave.  It  should  not  be  used  unless  per- 
fectly clear.  We  now  employ  a  thirty  per  cent, 
solution.  The  optimum  dose  being  six  grams, 
twenty  c.  c.  of  this  solution  are  injected. 

Administration. — The  solution  is  usually  intro- 
duced into  a  vein  at  the  bend  of  the  elbow  through 
a  Fordyce  needle  with  a  twenty  c.  c.  syringe.  At 
least  ten  minutes  should  be  consumed  for  the  injec- 
tion of  the  drug.  Otherwise  it  seems  to  us  that 
serious  manifestations  may  possibly  follow,  for  they 
were  observed  in  the  experiments  when  citrate  solu- 
tions were  rapidly  introduced.  Our  custom  is  to 
inject  about  two  to  three  c.  c,  wait  a  few  moments 
to  see  if  any  discomfort  is  complained  of,  inject 
another  two  to  three  c.  c,  and  continue  in  this 
manner  until  all  the  solution  is  introduced.  In  the 
few  instances  in  which  we  were  in  doubt  as  to  the 
advisability  of  continuing  the  introduction  of  the 
citrate,  we  preferred  stopping  at  a  smaller  dose 
than  the  one  planned.  If  any  of  the  manifestations 
to  be  described  appear,  we  always  await  their  dis- 
appearance before  the  injection. 

Since  this  paper  was  completed  a  death  following 
a  citrate  injection  has  occurred  in  another's  hands. 
The  solution  was  not  introduced  according  to  our 
technic.  Under  the  impression  that  we  may  pos- 
sibly not  have  laid  sufficient  emphasis  upon  the  slow 
and    intermittent    introduction    of    the    solution    as 
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tkx.riln.ii  altove.  the  case  i>  reported  in  detail.  The 
notes  have  been  obtained  through  the  courtesy  of 
Dr.  A.  A.  Berg  and  Dr.  E.  Libman. 

Case. — A  woman,  sixty-nine  years  old,  was 
operated  upon  for  common  duct  stone.  Three  days 
after  operation  there  was  oozing  from  the  wound, 
after  packings  had  been  removed.  As  a  prophy- 
lactic measure  against  further  bleeding  a  sodium 
citrate  injection  was  given.  Sixteen  c.  c.  of  a 
thirty  per  cent,  solution  (4.8  grams)  were  intro- 
duced without  pause  within  a  five  minute  period. 
Directly  thereafter  respirations  ceased,  and  the 
heart  stopped  beating  several  minutes  later.  At  the 
postmortem  examination  by  Dr.  E.  Libman  there 
was  no  free  blood  found  in  the  peritoneal  cavity, 
and  no  evidence  of  thrombosis  or  embolism.  There 
were  adhesions  from  an  old  pericarditis,  marked 
.'icleri.sj^  of  the  thoracic  aorta  and  coronai'y  arteries, 
and  a  small  carcinoma  of  the  stomach. 

It  is  in  a  sense  fortunate  that  the  first  death 
following  a  sodium  citrate  injection  should  have 
occurred  in  a  case  in  which  there  was  a  fatal  prog- 
nosis from  the  gastric  carcinoma,  and  it  is  signifi- 
cant that  a  dose  of  the  drug  less  than  the  maximal 
dose  accepted  by  others  should  have  been  followed 
by  death.  But  the  object  lesson  is  clear.  We  are 
now  no  longer  in  the  position  of  theorizing  as  to 
the  absolute  necessity  for  the  slow  and  intermittent 
intravenous  administration  of  sodium  citrate,  the 
conclusion  derived  from  our  animal  experiments. 
The  concrete  case  establishes  the  fact  once  and  for 
all  that  sodium  citrate  is  a  very  dangerous  drug 
when  injected  intravenously  without  observing  the 
precautions  we  have  taken  and  advised. 

Manifestations  after  injection  of  large  doses  of 
sodium  citrate. — The  following  have  been  noted : 
salty  taste,  trembling  of  the  lips,  tingling  sensations 
in  the  extremities,  dizziness,  nausea,  a  sense  of 
oppression,  or  tightness  across  the  chest  or  abdomen. 
Many  patients  presented  no  manifestations  referable 
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to  the  injection.  There  have  been  no  untoward 
aftereffects.  No  chills  or  elevation  of  temperature 
were  observed  with  a  .single  exception:  A  jjaiieiit 
with  a  common  duct  stone  and  icterus  had  several 
chills  with  fever  during  his  short  stay  in  the  hos- 
pital and  suffered  a  chill  with  a  rise  in  temperature 
one  hour  after  the  citrate  was  given.  No  alteration 
in  blood  pressure  had  been  noted  either  during  or 
after  the  introduction  of  the  citrate.  Sodium  citrate 
is  said  to  have  a  toxic  effect  on  the  kidneys,  but 
we  have  been  unable  to  verify  this  clinically  even 
when  very  large  doses  were  given.  Up  to  the 
present  the  drug  has  been  administered  in  only  one 
patient  suffering  from  a  severe  nephritis,  and  in 
this  instance  no  toxic  manifestations  were  noted. 
In  short,  we  wish  to  emphasize  the  fact  that  no 
evidences  of  toxicity  were  observed  in  any' of  the 
hundred  injections  of  large  doses  of  sodium  citrate 
that  we  have  given  up  to  and  including  a  dose  of 
fourteen  grams. 

Turning  now  to  the  effects  of  large  doses  of 
sodium  citrate  administered  intravenously  in  the 
human  being,  we  may  say  at  once  that  they  corre- 
spond closely  to  those  observed  in  our  animal 
experiments.  A  similar  drop  in  coagulation  time 
occurs,  the  same  change  of  the  color  of  the  venous 
blood  to  a  light  arterial  tint  is  usually  seen,  and  in 
all  the  cases  of  bleeding  we  have  been  able  to 
observe,  the  hemorrhage  was  controlled. 

Change  in  coagulation  time. — A  typical  curve  of 
coagulation  time  after  the  optimum  dose  of  six 
grams  may  be  described  as  follows,  the  patient 
having  a  coagulation  time  of  ten  minutes :  Five 
minutes  after  the  injection  the  coagulation  time 
drops  to  seven  minutes,  ten  minutes  later  it  reaches 
five  minutes,  in  one  half  hour  the  coagulation  time 
is  between  two  and  three  minutes.  The  peak  is 
reached  some  forty  minutes  after  the  injection,  and 
is  sustained  in  the  neighborhood  of  a  two  minute 
coagulation  time  for  an  additional  hour.    The  return 
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to  the  normal  then  begins,  but  this  is  much  more 
gradual  than  the  rapid  drop  after  the  injection.  In 
six  hours  the  coagulation  time  reaches  five  minutes. 
Twelve  hours  after  the  injection  it  is  still  about 
seven  minutes.  The  return  to  the  normal  occurs 
after  a  variable  time ;  in  some  instances  the  normal 
is  reached  in  twenty-four  hours,  in  others  not  until 
forty-eight  hours  or  longer  after  the  administration 
of  the  drug.  No  subsequent  changes  in  coagulation 
time  have  been  seen  in  observations  taken  two, 
three,  four,  five  and  six  days  after  injections.  The 
curve  described  is  typical  and  figures  closely 
approximating  those  given  have  been  obtained  in 
every  instance  in  which  such  frequent  observations 
could  be  taken.  Of  noteworthy  interest  is  the  fact 
that  the  coagulation  time  was  shortened  by  citrate 
injections  to  a  similarly  striking  degree  in  patients 
in  which  it  was  pathologically  prolonged,  especially 
in  iaimdicf.  We  have  noted  a  drop  in  coagulation 
time  from  sixteen  minutes  before  to  two  minutes 
following  the  injection. 

In  the  past  few  months  almost  all  patients  ad- 
mitted to  our  surgical  service  received  citrate  injec- 
tion? and  the  pronounced  change  in  coagulation  time 
was  seen  in  nearly  every  instance,  regardless  of  the 
disease  from  which  the  patient  was  suffering.  The 
coagulation  reaction  following  citrate  administered 
in  optimum  doses  did  not  occur  in  a  very  few 
patients.  The  condition  for  which  these  patients 
came  to  the  hospital  offered  no  explanation  for  the 
absence  of  the  reaction  although  it  is  possibly  sug- 
gestive that  three  of  them  were  suffering  from 
cirrhosis  of  the  liver  with  jaundice.  The  absence 
of  any  change  in  coagulation  time  following  citrate 
injection  in  these  cases  will  only  be  accounted  for 
when  the  cause  of  the  reaction  is  clearly  understood. 
The  cause  of  the  changes  occurring  after  citrate 
injection  is  unknown  at  the  present  time. 

There  are  some  cases  in  which  a  more  prolonged 
effect  is  desired   than  that  obtained   from   a  single 
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dose  of  citrate.  We  have  attempted  to  sustain  the 
shortened  coagulation  time  by  repeating  the  dose 
after  twenty-four  to  thirty-six  hours.  As  a  result 
the  drop  in  coagulation  time  has  been  maintained 
in  some  instances  for  several  days,  to  return  to  the 
normal  in  about  a  week;  in  other  cases  the  second 
dose  has  had  little  or  no  additional  effect.  We 
believe  that  the  subcutaneous  or  possibly  oral  or 
rectal  administration  of  sodium  citrate  will  prove 
a  better  method  when  a  slower  and  more  sustained 
result  is  desired  and  we  are  now  engaged  in  study- 
ing this  question. 

Change  in  the  color  of  the  blood. — The  change  in 
the  color  of  the  venous  blood  to  an  arterial  tint  is 
usually  present  within  five  minutes  of  the  intro- 
duction of  the  citrate  solution.  The  return  to  the 
normal  hue  of  venous  blood  is  noted  as  the  coagula- 
tion time  again  approaches  that  existing  before  the 
injection.  In  the  small  group  of  cases  in  which  the 
coagulation  reaction  did  not  occur  no  change  in  the 
color  of  the  blood  was  noted  and  we  therefore 
regard  this  alteration  in  color  as  a  characteristic 
element  in  the  reaction.  The  appearance  is  that 
of  venous  blood  that  has  been  oxidized.  We  believe 
that  spectroscopic  and  other  studies  may  demon- 
strate that  oxidization  occurs  as  the  result  of  the 
citrate  injections. 

Consistency  of  the  clot. — Concerning  the  clot  that 
forms  in  the  test  tube  or  at  the  mouth  of  an  injured 
vessel,  there  is  every  reason  to  believe  that  it  is  at 
least  as  solid  after  citrate  injections  as  normally.  In 
fact,  we  have  gained  the  impression  that  a  tougher 
and  more  solid  coagulum  results  from  the  intro- 
duction of  the  citrate.  The  best  demonstration  of 
the  adequacy  of  the  clot  is  the  permanent  cessation 
of  bleeding'  in  the  great  majority  of  instances. 
There  was  no  evidence  of  intravascular  clotting  in 
any  of  our  experiments,  and  in  none  of  the  patients 
to  whom  citrate  was  given  was  there  any  suggestion 
of  thrombosis  or  embolism. 
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Lcturoi  of  bleeding. — Our  evidence  of  the  strik- 
ing and  sometimes  remarkable  effects  of  large  doses 
of  sodium  citrate  on  bleeding  in  human  beings  rests 
on  purely  clinical  observations.  It  can  truly  be  said 
that  bleeding  would  have  ceased  spontaneously  in 
some  or  perhaps  many  of  the  cases  we  have  studied. 
Up  to  the  present  time,  however,  bleeding  has  been 
checked  in  every  instance  in  which  the  citrate 
injection  has  been  given  for  that  purpose.  The  best 
proof  that  the  cessation  of  hemorrhage  is  due  to  the 
citrate  injection  is  that  bleeding  regularly  begins  to 
be  controlled  within  fifteen  minutes  after  the 
administration   of   the   drug. 

Unless  the  underlying  cause  of  a  hemorrhage  is 
cared  for,  recurrence  of  bleeding  may  of  course 
take  place,"  for  the  sodium  citrate  injection  is  only 
employed  for  the  immediate  control  of  hemorrhage. 
For  example,  a  patient  suffering  from  an  incom- 
plete abortion  had  been  bleeding  continuously  for 
several  days ;  bleeding  stopped  for  twelve  hours 
after  the  injection,  and  then  recurred  and  continued 
until  the  uterus  was  emptied.  There  were  three 
cases  in  which  hemorrhage  controlled  by  sodium 
citrate  recurred  after  varying  periods  of  time,  to  be 
definitely  controlled  by  a  second  dose  of  the  drug. 
These  were  one  case  of  hemorrhage  from  a  colos- 
tomv  wound  for  carcinoma  of  the  rectum;  one  of 
hemorrhage  from  the  abdominal  wall  after  an  ex- 
plorator>-  laparotomy  for  an  inoperable  carcinoma 
in  a  jaundiced  patient,  and  one  case  of  polycythemia 
with  bleeding  from  the  gums  after  the  extraction 
of  several  teeth. 

In  all  the  remaining  cases  a  single  dose  of  sodium 
citrate  permanently  controlled  the  hemorrhage. 
These  cases  may  be  arranged   in    four   groups : 

Internal  hemorrhage.  —  Bleeding  was  controlled 
in  cases  of  hematemesis,  rupture  of  the  liver,  trau- 
matic hemothorax,  hemoptysis,  and  possibly  in  a 
case  of  cerebral  hemorrhage. 

External  h(  mnrrhage. — These  cases  were  varied. 
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They  included  lacerated  wounds,  hemorrhage  from 
the  rectum,  bleeding  from  raw  areas  left  bare  by 
operation,  and  postoperative  hemorrhages  from  the 
rectum,  gallbladder  and  prostatic  beds. 

Bleeding  encountered  at  operation. — There  were 
a  number  of  impressive  examples  at  cranial,  abdom- 
inal, and  other  operations.  A  remarkable  instance 
was  a  case  that  proved  to  be  cirrhosis  of  the  liver 
with  icterus.  The  intravenous  injection  of  citrate 
was  begun  as  the  abdominal  incision  was  made.  In 
exploring  the  undersurface  of  the  liver  an  alarming 
venous  hemorrhage  was  started.  Packings  absolutely 
failed  to  control  this,  and  the  bleeding  point  or  area 
could  not  be  exposed.  Without  any  other  measure 
being  employed,  the  bleeding  quite  suddenly  became 
less  and  ceased  soon  after.  The  control  of  the 
hemorrhage  occurred  fifteen  to  twenty  minutes  after 
the  introduction  of  the  citrate.  The  excess  blood 
was  sponged  away  and  the  operation  continued 
without  further  bleeding. 

Bleeding  anticipated  during  or  after  operation. — 
In  some  cases  it  was  difficult  or  impossible  to  deduce 
any  effect  from  the  citrate  injection  because  of  the 
necessary  sponging  at  operation.  In  other  instances 
in  which  citrate  was  given  the  operative  field  was 
manifestly  less  bloody  than  could  have  been  ex- 
pected. A  striking  example  was  a  case  of  carcinoma 
in  which  operation  was  performed  recently  by  Dr. 
Lilienthal.  A  T  incision  was  made,  splitting  the 
larynx  and  widely  opening  the  pharynx  transversely 
to  expose  the  neoplasm.  Except  for  a  few  arteries 
that  were  caught  and  ligated,  the  field  was  entirely 
free  from  oozing.  Other  cases  were  instances  of 
jaundice  with  prolonged  coagulation  time.  Exam- 
ples of  anticipated  postoperative  oozing  that  did  not 
occur  after  citrate  injection  are  cases  of  osteoplastic 
craniotomy  and  operations  for  acute  osteomyelitis 
in  which  oozing  was  still  going  on  at  the  end  of 
operation.  In  fact,  there  has  not  been  a  single 
instance  of  a  postoperative  liematoma  in  the  wound 
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since  citrate  injections  have  been  used  as  a  routine 
for  all  cases  at  the  time  of  operation. 

CONCLUSIONS. 

1.  The  slow  intravenous  administration  of  large 
doses  of  sodium  citrate  given  intermittently  over  a 
period  of  ten  to  fifteen  minutes  is  nontoxic  both 
experimentally  and  in  the  human  being.  In  the 
latter,  massive  doses  up  to  fourteen  grams  have 
been  given  without  any  toxic  manifestations. 

2.  The  rapid  intravenous  administration  of  sodium 
citrate  is  dangerous  and  may  be  fatal  both  experi- 
mentally and  in  the  human  being. 

3:  The  optimum  dose  for  adults  is  six  to  eight 
grams  in  a  thirty  per  cent,  solution  and  one  to  three 
grams  in  greater  dilution  for  children.  Doses  for 
infants  have  not  been  determined. 

4.  All  types  of  bleeding,  internal  as  well  as  surgi- 
cal, that  have  been  encountered,  have  been  controlled 
bv  large  doses  of  sodium  citrate  administered  intra- 
venously. 

5.  Large  doses  of  sodium  citrate  have  been  suc- 
cessfully used  to  obviate  hemorrhage  in  cases  in 
which  bleeding  was  anticipated  at  operation. 

6.  This  method  offers  a  large  sphere  of  usefulness 
in  the  treatmeui  of  l)lec-ding,  i--  sini])!e  in  api)licatif)n, 
and  has  proved  both  nontoxic  and  safe  in  our  hands. 

We  wish  to  extend  our  thanks  to  Dr.  Howard 
Lilienthal  for  his  courtesy  and  hearty  cooperation 
in  this  work. 
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The  operation  of  closure  of  the  pylorus  was  performed  on  eight 
dogs  in  an  attempt  to  reproduce  the  clinical  condition  known  as 
gastric  tetany.  "Whether  or  not  this,  our  original,  object  was 
attained  we  are  unable  to  state  definitely;  in  fact,  this  matter 
became  of  secondary  interest  as  soon  as  we  found  and  became 
absorbed  in  the  study  of  the  great  disturbances  in  certain  funda- 
mental physicochomical  equilibria  wliich  took  place  in  the  blood 
after  this  operation. 

Tetany  is  a  condition  characterized  clinically  by  contractions  in  the 
flexor  muscles  of  the  extremities  and  occasionally  by  generalized  convul- 
sive seizures  or  muscular  spasms  in  other  parts.  Increased  response  to 
galvanic  stimulation  when  applied  over  the  peripheral  nerves  has  been 
found  in  about  SO  per  cent  of  the  cases  (Holmes).  When  this  state  of 
nerve  hyperirritability  is  associated  with  dilatiition  of  the  stomach  the 
condition  is  termed  gastric  tetany.  The  gastric  dilatation  is  often  conse- 
quent to  pyloric  obstruction,  the  latter  most  frequently  the  result  of  cica- 
tricial contraction  of  an  ulcer.  A  common  history  of  such  a  case  would 
be  that  of  a  man  who,  with  a  previous  story  of  gastric  indigestion,  pain, 
and  vomiting,  is  one  day  overcome  by  a  more  severe  attack  and  after  sev- 
eral inordinate  fits  of  vomiting  is  taken  with  tetanic  convulsions  and  dies. 
Autopsy  reveals  a  much  dilated  atonic  stomach  with  a  stcnosed  jiylorus. 

A  number  of  theories  \^Tre  advanced  in  the  past  to  explain  the 
tetany  in  such  cases.  None  of  these,  however,  was  verified  by 
experiment  and.  they  simply  mirror  the  fashions  and  extent  of 
physiological  reasoning  possessed  by  (he  practitioners  of  the 
epoch.     For  instance,  there  was  the  mechanical  theory  that  the 
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contractions  of  the  stomach  ajjainst  an  ol)striicted  pylorus,  or  in 
tlic  act  of  vomit inji.  initiated  afferent  imjnilses  which  sensitized 
the  hrain  and  central  nervous  system  to  such  a  ile^nn^  that  any 
added  stimulation,  such  as  cold  or  the  passage  of  a  stomach 
tuU'.  would  inaugurate  convidsions  and  spasms.  More  recently 
other  idi-as  such  as  those  of  dehydration  and  intoxication  have 
iM'en  pn'sented.  supported  onl>'  l)y  insudiciciil  experiiiicntntion 
ami  hasty  conciusitttis. 

It  ha<  been  found  thai  iia-^tnu-ntcrostoiiiy  would  cntirciv  cure 
the  condition  (Jonnesco  and  (irossman)  and  that  the  administra- 
tion of  calciiun  would  temporarily  alleviate  the  symptoms  (Kinni- 
cutt).     These  are  important  findings. 

As  far  as  we  know,  few  attempts  have  been  made  to  produce 
gastric  tetany  experimentally.  In  this  laboratory  Dr.  E.  H. 
Pool  iK'rformed  ])yloric  closure  by  various  methods  on  man}''  dogs. 
The  animals  developed  slight  muscular  tremors  and  spasms  of 
various  kinds,  but  only  in  one  case,  out  of  al>out  forty,  was  he 
able  to  demonstrate  increased  electrical  irritability  with  a  cathodal 
opening  current  of  less  than  o  milliamperes.  In  his  judgment, 
therefore,  it  was  not  demonstrated  that  tetany  had  been  pro- 
duced by  the  operations.  Little  significance  was  attached  to  the 
one  exception,  as  it  was  considered  that  this  was  probably  due  to 
some  technical  error.  Because  of  this  experience  of  one  so  famil- 
iar with  the  subject  of  tetany,  and  because  we  did  not  in  our 
experiments  make  the  electrical  tests,  we  cannot  claim  to  have 
ri'produeed  the  condition  which  is  clinically  known  as  gastric 
t<'tany. 

Seven  out  of  our  eight  dogs  showed  muscular  twitchings, 
tremors,  spasticity,  and  fibrillary  movements  in  a  room  where 
the  temiM'iature  was  constantly  maintained  above  7()°1'\  Sucli 
manifestations  were  not  seen  in  dogs  undeigoing  various  other 
ga.«tric  or  abdominal  o])erations.  The  eighth  dog  became 
paralyzed  without  showing  any  increased  rigidity  as  far  as  could 
\)0  .seen.  The  electrical  tests  were  omitted,  not  because  we  were 
unaware  of  their  importance  in  the  diagnosis  of  tetanj^,  l)ut  because 
they  would  have  to  have  been  done  to  the  exclusion  of  the  chem- 
ical studies  in  which  we  were  more  particularly  interested.  Mac- 
f'allum  and  coworkei-s,  however,  have  just  published  the  results 
f»f  r>lectrical  tests  performed  o)i  dogs  with  pyhnic  occlusion  which 
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definitely  indicate  an  increased  irritability  of  the  norv(>s  to  the 
galvanic  current.  '  In  one  dog,  of  the  present  series,  pedal  spasms 
in  the  fore  extremities  occurred  to  such  a  degree  that  at  times  it 
was  almost  impossible  to  straighten  his  paws.  Whether  or  not  these 
signs  were  manifestations  of  tetany  we  cannot  say.  The  subject 
is  pregnant  with  possibiUties  and  it  is  with  considerable  mis- 
givings that  we  have  had  to  interrupt  our  work  in  its  bare  incep- 
tion and  present  the  results  of  such  a  short  series  of  tests.  How- 
ever, it  is  believed  that  the  striking  regularity  of  the  figures,  to  be 
recorded,  not  only  confirm  certain  results  of  other  investigators 
but  point  to  further  basic  disturbances  which  offer  a  field  for 
profitable  research  in  the  future. 

An  interesting  study  of  the  effects  of  pyloric  occlusion  was  that 
of  McCann  who  recently  published  a  short  paper  giving  figures 
for  the  combined  CO2  of  the  blood.  In  four  dogs  he  showed  that, 
after  closing  the  pylorus,  the  alkaline  reserve  of  the  blood  increased 
rapidly  up  to  the  time  of  death.  Since  IMcCann,  as  well  as 
Wilson  and  his  coworkers,  got  similar  results  after  parathyroid- 
ectomy, and  the  latter  had  showed  that  injections  of  hydrochloric 
acid  relieved  convulsions,  the  former  thought  that  tetany  in  both 
instances  {i.e.,  after  pj-loric  closure  and  parathyroidectomy)  was 
the  result  of  a  condition  of  alkalosis.  We  were  unable  to  Aerify 
the  results  of  these  investigators  after  removal  of  the  paratliy- 
roids,  and  so  we  determined  to  repeat  ^IcCann's  gastric  (experi- 
ments. The  operative  procedure  consisted  merely  in  tying  a 
stout  string  very  tightly  around  the  pylorus.  The  COo-comlnn- 
ing  capacity  of  the  plasma  was  determined  by  tiie  \'aii  Slyk(> 
method  in  the  usual  fashion.     The  results  are  given  in  Table  I. 

In  Dog  ]\I,  our  first,  it  was  noted  at  death  that  the  blood  was 
very  dark  and  viscous.  Because  of  this  ol)servation  we  were 
prompted  in  the  next  experiments  to  make  hiMuatoi-rit  readings 
on  each  sample  of  blood.  In  most  cases  there  seemed  to  W  a 
tendency  towards  an  increase  in  the  proportion  of  solid  to  fluid 
elements,  probably  from  dehydration,  but  in  tho.se  wiiich  showed 
no  such  changes  the  s\Tnptoms  and  chemical  changes  in  the 
blood  were  equally  well  marked.  In  some  cases  rectal  infusions 
were  given  to  supply  fluid.  No  blood  volume  estimations  were 
made. 
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T.\BLE  I.* 


Dog  X.  Before  operation,  CO2  74. S  vol.  per  cent;  1st  day  after  opera- 
tion, S4.5;  2nd  day,  93.S;  3rd  day,  S6.2  and  101.2;  4th  day,  98.8;  5th  day, 
91.7;  6th  day,  123.7;  7th  day,  117.0;  9th  day,  117.0;  14th  day,  131.1;  killed. 


Dog  M. 

DogO. 

Dog  P. 

DogQ. 

Dog  R. 

DogS. 

rol. 
per  cent 

vol. 
per  cent 

vol. 
per  cent 

vol. 
per  cent 

vol. 
per  cent 

vol. 
per  cent 

Before  operation 

1  day  after  operation.  . 

66.3 
158. 0 

55.6 

80.2 

40.8 
62.6 
74.9 

52.5 

75.8 

46.7 
61.3 
63.2 

47.5  . 

60.3 

58.3 

2  days     "             "       . . 

102.0 

77.7 
83.6 
85.0 

76.8 

90.0 
95.7 

70.0 
74.8 

73.9 
96.2 

0         €t              U                        « 

Death. 

Death. 

90.0 
Killed. 

95.0 
Killed. 

73.9 
Killed. 

79.7 
Killed. 

•  Only  the  figures  obtained  from  samples  of  blood  from  the  jugular  vein 
have  been  inserted. 

TABLE  II. 


Dog  M. 

Dog  N. 

Dog  R. 

DogS. 

DogO. 

pH 

pii 

pH 

pH 

pH 

Before  operation 

7.80 

7.82 

7.90 

7.76 

7.74 

1  day  after  operation. . . 

7.87 

7.88 

7.88 

7.83 

7.75 

2  days     " 

7.87 

7.63  (15  min.  before 
death.) 

3     " 

Death. 

7.54  (15  min.  after 
death.) 

TABLE  III. 
Calcium  per  100  Cc.  Serum. 


Before  operation. 

After  operation. 

mo. 

mg. 

Dog  M  . 

10.0 

14.0 

DogO.. 

9.6\ 
10.3/ 

9.95  (Cells  31.3  percent.) 

J2 '5112.35  (Cells  35  per  cent.) 

Dog  P.. 

12.31 
12.3/ 

12.3    (Cells  39  percent.) 

13.7  (Cells 42  per  cent.) 
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There  seems  to  be  only  one  conclusion  to  be  drawn  from  the 
above  results;  namely,  that  partial  occlusion  of  the  pylorus  is 
followed  by  a  marked  increase  in  the  alkaline  reserve  of  the 
blood,  a  condition  which  has  been  called  alkalosis. 

At  the  same  time  as  these  determinations  of  COo  were  being 
made,  the  pH  of  the  blood  was  measured  by  the  gas-chain 
method.  The  results  are  given  in  Table  II.  The  figures  seem  to 
show  that  there  is  a  very  slight  rise  in  pH  (decrease  in  H  ion  con- 
centration) after  the  operation,  but  the  figures  for  Dogs  ]\I  and  0 
show  that  after  this  initial  rise  there  is  no  further  increase.  There 
is  also  the  interesting  observation  that  as  death  approaches,  the 
blood  does  not  become  more  alkahne  as  one  might  suppose  if  the 
mechanisms  for  maintaining  the  acid-base  cquihbrium  were  sud- 
denly overwhelmed  by  rapidly  increasing  basic  radicals,  but 
on  the  contrary,  just  as  in  death  from  other  causes,  there  is  a 
rapid  premortem  fall  in  pH. 

As  calcium  salt  infusions  have  been  found  beneficial  in  gastric 
tetany,  we  tested  the  concentration  of  this  substance  in  three 
dogs  before  and  after  operation  as  shown  in  Table  III. 

These  tests  show  that  the  concentration  of  calcium  is  not 
decreased,  but  on  the  other  hand,  is  shghtly  higher  than  normal. 
MacCallum  using  a  crude  anah^ical  method  purely  for  com- 
parative purposes  found  no  change  or  an  insignificant  drop  in 
calcium  in  these  cases.  Variable  results  were  obtained  for  cal- 
cium by  the  analyses  of  Dr.  Greenwald.  The  latter,  who  has  been 
perfecting  a  method  for  the  estimation  of  certain  inorganic  con- 
stituents of  blood,  kindly  analyzed  samples  from  three  of  our  dogs 
with  results  as  given  in  Table  IV. 

The  results  of  these  salt  analyses  are  significant.  It  is  at  once 
apparent  that  the  most  definite  change  is  a  marked  drop  in  the 
concentration  of  chlorides.  This  pronounced  fall  (about  50  per 
cent)  was  also  found  by  IMacCallum.  and  in  fact,  it  is  just 
what  one  would  expect  after  pyloric  occlusion.  The  inverse 
relationship  between  the  concentration  of  bicarbonate  and  chloride 
ions  in  the  plasma  has  recently  been  established  by  McLean 
and  coworkers.  Their  experiments  were  concerned  with  the  well 
known  Zuntz  phenomenon.  In  the  present  series  the  rise  in 
bicarbonate  and  fall  in  chloride  concentrations  involve  the  whole 
blood.     Other  changes  to  be  noted  are  (1)  the  ri.se  in  sulfur  and 
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(2)  the  rise  in  pliosphonis.  Tlie  concentration  of  sodium  we 
rather  expected  to  find  above  normal  on  account  of  the  tremen- 
dous increase  of  bicarbonate  in  the  blood;  in  fact,  we  had  turned 


TABLE  IV. 

' 

Cells. 

Whole  blood. 

' 

'     Before 
operation. 

1 

7  days 

after 

operation. 

Before 
operation. 

7  days 

after 

operation. 

Before 
operation. 

2  days 

after 

operation. 

7  days 

after 

operation. 

Dog  N. 


CI. 

S.. 
P.. 
Ca 
Mg 
K. 
Na 


mg. 

mg. 

mg. 

mg. 

411. U 

195.  U 

189.0 

103.0 

304.0 

188.0 

13.7 

22.7 

13.5 

17.3 

13.6 

14.8 

5.07 

8.52 

41.7 

54.5 

22.8 

40.0 

12.8 

13.3 

1.01 

8.4 

7.10 

7.62 

2.65 

Lost. 

8.05 

Lost. 

5.26 

7.03 

19.4 

12.1 

29.0 

25.3 

24.0 

25.1 

338.0 

265.0 

214.0 

271.0 

278.0 

275.0 

mg. 
151.0 

20.1 
30.3 
11.0 
Lost. 
18.4 
268.0 


DogQ. 


Before 
operation. 

2  days  after 
operation. 

Before 
operation. 

2  days  after 
operation. 

Before 
operation. 

2  days  after 
operation 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

CI 

383.0 

194.0 

304.0 

148.0 

s 

10.67 

10.6 

10.7 

17.03 

p 

6.4.5 

44.6 

22.5 

43.8 

Ca 

15.13 

Blood 

4.27 

Blood 

10.6 

7.21 

Mg 

2.24 

clotted. 

6.29 

clotted. 

3.41 

6.80 

K 

15.6 

30.66 

21.9 

26.1 

Na 

351.0 

251.0 

328.0 

265.0 

DogT. 


CI.. 

S... 

P... 

Ca. 

Mg 

K.. 

Na. 


408.0 
8.61 
2.34 
10.5 
2.. 54 
20.47 
343.0 


245.0 
19.3 
4.53 
9.83 
3.46 
19.8 
295.0 


212.0 
9.45 
54.7 
6.45 
8.47 
29.5 
273.0 


152.0 

14.2 

58.9 

6.58 

8.12 

31.1 

254.0 


306.5 
9.05 
29.6 
8.4 
5.63 
25.21 
306.7 


185.8 
15.95 
39.09 
7.74 
6.41 
27.0 
268.6 


to  tlii.'^  f.xpf'ctf'd  ri.se  as  the  most  likely  explanation  for  the  nervous 
irritability.  MacCallum  did  not  test  the  sodium  but  suggested, 
in  his  paper,  that  this  be  done,  intimating,  it  seems,  that  the 
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metal  might  be  found  in  abnormal  amounts.  These  analyses, 
however,  show  that  the  concentration  of  sodium  is  slightly 
decreased. 

In  none  of  our  dogs  did  we  see  the  violent  convulsive  seizures 
described  by  ]\IacCallum.  The  latter,  however,  cut  across  the 
pylorus,  completely  closed  the  lower  end  of  the  stomach  with 
sutures,  and  brought  out  the  proximal  end  of  the  duodenum 
through  the  abdominal  wall.  Through  tliis  fistula  water  was 
regularly  injected  into  the  duodenum  and  periodically  the  stom- 
ach was  washed  out  with  a  pump.  In  the  present  series  the 
pylorus  was  cut  across  in  onh-  one  experiment  (Dog  T);  in  the 
other  cases  a  strong  cord  was  simply  tied  tightly  around  the 
pjdorus.  At  autopsy  it  was  found  that  the  latter  procedure  had 
never  completely  shut  off  communication  with  the  duodenum, 
but  it  was  nevertheless  sufficient  to  inaugurate  the  same  chem- 
ical disturbances  as  occurred  after  complete  closure.  The  animal 
washed  out  liis  own  stomach,  many  times  a  day,  by  drinking 
large  quantities  of  water  and  then  immediately  vomiting  it  up 
again. 

With  one  exception  (Dog  O)  all  our  animals  had  twitches, 
fibrillations,  spasms,  and  abnormal  muscular  contractions  of 
various  kinds.  We  feel  convinced  that  these  were  not  the  result 
of  such  factors  as  operation,  temperature  of  the  room,  etc.,  as 
there  was  plenty  of  opportunity  to  control  such  obvious  condi- 
tions, but  rather  do  we  think  that  they  were  probabh-  due  to 
the  changes  in  the  blood  which  were  invariably  found  to  take 
place  after  pyloric  occlusion.  In  Dog  O  marked  paralysis 
occurred  and  there  were  signs  of  weakness  which  simulated 
paresis  in  two  other  dogs.  Tliis  finding  is  of  interest  in  connec- 
tion with  the  work  of  von  Wyss  and  later  that  of  Grunwald  wiio 
both  beheved,  as  a  result  of  experiment,  that  paralysis  could  lie 
produced  by  decreasing  the  chloride  content  of  the  blood. 

A  specific  function  of  the  chloride  ion  was  also  shown  to  exist 
when  Loeb  (1912)  discovered  that  the  toxicity  of  XaBr,  Na«S04, 
NaNOs,  etc.,  for  the  adult  Fwidulu^  may  be  abolisiied  by  the 
addition  of  NaCl  or  other  chlorides  but  not  by  other  sodium 
salts. 
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RESULTS. 

The  following  changes  in  the  blood  were  found  to  occur  after 
closure  of  the  pylorus  in  dogs: 

1.  A  marked  increase  in  the  COo-combining  power  of  the  blood. 

2.  A  striking  fall  in  the  concentration  of  CI  ions. 

McCann  had  already  demonstrated  the  rise  in  alkaline  reserve, 
and.  as  these  experiments  were  being  completed,  INIacCallum's 
article  was  published  showing  both  the  increase  in  bicarbonate 
and  the  fall  in  chloride  concentration.  In  these  particulars  the 
tests  set  down  above  may  be  regarded  as  confirmatory  evidence. 
We  differed  from  ]MacCallum  in  that  w^e  found: 

3.  A  slight  increase  in  the  concentration  of  calcium  in  the 
serum. 

It  was  further  shown  that: 

4.  The  pH  of  the  plasma,  after  operation,  showed  only  an 
insignificant  rise;  at  death  it  fell  rapidly. 

5.  The  concentrations  of  sulfur  and  phosphorus  were  markedly 
increased. 

6.  The  concentration  of  sodium  was  diminished  in  two  out  of 
three  cases. 

DISCUSSION. 

Practically  all  the  dogs  in  this  series  developed  evidence  of 
h^-perirritability.  Regardless  of  whether  this  was  a  condition 
identical  with  gastric  tetany,  w^hether  it  was  another  form  of 
tetany,  or  whether  it  was  not  tetany  at  all,  there  must  be  some 
cause  for  the  phenomenon  and  one  is  tempted  to  provide  an 
explanation  on  the  basis  of  the  blood  findings. 

The  two  pre\4ous  investigators,  MacCallum  and  McCann,  who 
studied  the  chemical  nature  of  the  changes  following  pyloric 
occlusion  seemed  to  favor  the  view  that  the  nervous  manifesta- 
tions were  the  result  of  the  alkalosis.  Particularly  did  the  latter 
think  so,  since  he  also  found  an  increase  in  the  alkaline  reserve  in 
parathyroid  tetany.  Since  we  believe  it  has  been  shown  that 
there  is  no  increase  in  the  bicarbonate  content  of  the  blood  after 
parathyroidectomy  and  as  there  are  no  fundamental  studies  to 
our  knowledge  whiich  indicate  that  an  alkalosis,  as  such,  can 
produce  hjT)erirrit  ability  of  nerves,  we  believe  that  it  cannot  be 
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fairly  maintained  that  this  is  the  cause.  However,  we  have  no 
conclusive  proof  that  this  theory  is  untenable  nor  have  we  any 
other  satisfactory  explanation  to  offer.  Possibly  it  is  concerned 
with  the  equiKbrium  of  certain  electrolytes  in  the  body,  partic- 
ularly the  disturbance  of  the  ratio  between  monovalent  and 
divalent  anions  and  cations.  The  work  of  Loeb,  Mathews,  Lillie, 
and  others  on  the  antagonism  of  ions  is  very  suggestive.  Their 
experiments  tend  to  show  that  an  increase  in  the  relative  propor- 
tion of  monovalent  cations  and  divalent  anions  will  augment  the 
normal  irritabihty  of  nerve  tissue;  a  condition  wliich  may  be 
counteracted  b}-  the  addition  of  a  salt  such  as  CaCl2  having  a 
divalent  cation  hnked  with  a  monovalent  anion.  The  most 
marked  changes  in  the  present  series  involve  an  increase. in  car- 
bonate and  phosphate  ions  (divalent)  and  a  diminution  of  chlo- 
ride ions  (monovalent)  wliich  according  to  the  theory  should 
bring  about  hj'perirrit ability.  The  sHght  increase  in  calcium 
and  decrease  in  sodium  in  the  blood  may  represent  an  adaptation 
on  the  part  of  the  body  to  the  above  mentioned  disturliance  in 
the  milieu  interieur. 

The  explanation  for  the  blood  changes  observed  seems  fairly 
clear.  The  alkalosis  is  e\ddently  an  exaggeration  in  duration 
and  extent  of  the  alkahne  tide  occurring  normally  after  meals. 
The  formation  and  secretion  of  HCl  by  the  cells  of  the  gastric 
mucosa  necessitate  the  removal  from  the  blood  stream  of  H  ions 
and  CI  ions.  The  former  exist  in  the  blood  mostly  as  carbonic 
acid,  the  latter  in  the  form  of  sodium  chloride.  This  process  of 
selective  secretion  liberates  bicarbonate  ions  and  sodium  ions 
which  unite  to  form  sodium  bicarbonate  and.  in  tliis  fashion, 
bring  about  an  increase  in  the  alkaline  reserve. 
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Recent  researches  have  resulted  in  the  formulation  of  three 
independent,  but  not  necessarily  contradictory,  theories  concern- 
ing the  blood  changes  that  follow  parathjToidectomy,  and  the 
relationship  of  these  changes  to  the  symptoms. 

The  first  of  these  holds  that  the  symptoms  following  the  re- 
moval of  the  parathyroids  are  due  to  a  disturbance  of  salt  mctal>- 
olism,  particularly  that  of  calcium.  This  hypothesis  is  based  essen- 
tially upon  the  fundamental  studies  of  Loeb  (1902,  a)  and  of  J.  B. 
MacCallum  relating  to  the  effect  of  various  ions  on  nerve  excita- 
bility, upon  the  suggestive  experiments  of  Sabbatani  on  the  oppos- 
ing effects  of  applying  calcium  chloride  solutions  and  calcium- 
precipitating  solutions  to  the  cerebral  cortex,  and  finally  upon 

*  The  present  research  had  its  origin  in  some  tests  made  on  four  dogs 
whose  parathyroids  had  been  removed  as  part  of  the  reguhir  course  of  sur- 
gical instruction  given  to  the  third  year  class  at  the  College  of  Physicians 
and  Surgeons.  The  results  of  these  early  experiments  were  not  entirely 
in  accord  with  generally  accepted  opinion,  and  so  we  were  impelled  to  re- 
peat them  in  a  more  systematic  manner  with  the  addition  of  a  few  other 
tests  which  seemed  to  be  of  importance.  After  eleven  thyreoparathyroi- 
dectomized  dogs  had  been  studied,  force  of  circumstances  brought  about 
the  termination  of  the  investigation.  It  has  been  repeatedly  shown,  and 
it  seems  to  be  almost  universally  accepted,  that  the  immediate  effects  of 
thyrcoparathyroidectomy  are  similar  to  those  of  parathyroidectomy.  As 
parathyroid  tissue  is  not  infrequently  imbedded  within  the  body  of  the 
thyroid  gland,  by  removing  the  latter  the  chances  of  complete  parathyroi- 
dectomy are  enhanced.  If  the  number  of  experiments  in  this  series  is  con- 
sidered meager  it  is  hoped  that  this  deficiency  will  be  somewhat  com- 
pensated for  by  the  consistency  of  the  results. 

t  Assistant  Sanitary  Chemist,  United  States  Public  Health  Service. 
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Quest's  quantitative  analyses  of  the  brain  for  calcium  after  tetany. 
Pai'hon  and  I'reche  were  the  first  to  note  the  curative  effect  of 
calcium  salts  in  tetany  and  quite  independently  ]\IacCallum 
and  Voegtlin  found  in  190S  that  the  calcium  concentration  in  the 
blood  and  tissues  was  decreased  and  in  the  feces  and  urine  was 
increased  after  parathyroidectomy.  Other  chemical  investiga- 
tions soon  followed  among  which  may  be  mentioned  the  re- 
searches of  Greenwald  (1911)  which  indicated  that  the  phosphates 
were  increased  in  the  blood  and  urine  during  tetanj'. 

The  second  theoiy  introduced  by  Wilson,  Stearns,  and  Thurlow 
placed  emphasis  on  a  disturbance  of  the  acid-base  equilibrium. 
These  investigators  gave  evidence  to  support  the  view  that  up 
to  the  onset  of  tetany  there  was  a  gradual  increase  in  the  alkahne 
reserv'e  of  the  blood.  During  the  con\ailsive  seizures  enough  acid 
was  formed,  they  thought,  to  neutrahze  the  excess  base  and  in 
some  cases  even  to  produce  a  condition  of  acidosis.  The  bene- 
ficial effects  of  injections  of  hydrochloric  acid  upon  the  tetany 
seemed  to  confirm  their  theoiy  (Wilson,  Stearns,  and  Janney). 

Finally,  there  may  be  mentioned  a  third  or  toxic  theory  brought 
foi^vN-ard  in  1915  by  the  British  physiologists,  Paton,  Findlay,  and 
Burns,  which  called  attention  to  a  highly  toxic  tetany-producing 
substance  of  protein  origin  found  in  the  blood  and  urine  follow- 
ing parathyroidectomy.  This  hypothesis  seems  to  have  been  sug- 
gested by  the  work  of  Pckclharing  and  van  Hoogenhuyze  on  the 
relation  of  the  creatine  of  muscle  to  its  tonicity,  and  by  the  finding 
of  methyl  guanidine,  a  product  of  protein  metabolism,  in  rela- 
tively large  amounts  in  the  urine  of  parathyroidectomized  dogs  by 
Koch.  Paton  and  his  collaborators  showed  that  injections  of 
guanifline  and  methyl  guanidine  would  produce  a  condition  of 
li\T)crirritaljility  associated  with  convulsions  veiy  much  like  para- 
th>Toid  tetany. 

C)ther  important  experiments,  principally  along  the  three  lines 
outlined  ah>ove,  have  Ijcen  performed  in  various  laboratories,  but 
their  review  would  scarcely  be  relevant  to  the  subject  matter  of 
this  article.  For  bil^Iiographies  the  reader  is  referred  to  the  theses 
of  Paton  and  Findlay,  Rowland  and  Marriott  (1917-18),  Ochsner 
and  Thomp.son,  and  for  a  very  interesting  general  discussion  of 
the  present  status  of  the  subject  to  a  recent  article  by  Voegtlin. 
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The  present  research  has  been  Hmited  to  an  investigation  of 
(1)  the  blood  serum  calcium,  (2)  the  alkaUne  reserve  of  the  blood 
plasma,  (3)  the  hydrogen  ion  concentration  of  tlio  blood  j^lasma, 
(4)  the  blood  sugar,  and  (5)  the  symptomatology. 

/.  Calcium. 

MacCallum  and  VoegtUn  found  that  the  blood  of  dogs  killed 
during  parathyroid  tetany  contained  on  an  average  about  5.4 
mg.  of  calcium  per  100  cc.  of  whole  blood;  whereas,  normally  tiiere 
were  found  about  13.3  mg.  4  years  later,  MacCallum  and  Vogel 
using  a  different  analytical  method  found  an  average  of  2.7  mg. 
of  calcium  per  100  gm.  of  whole  blood  in  tetanj'  as  against  6.1 
mg.  in  normal  dogs.'  Numerous  other  experiments  were  done 
later  by  MacCallum  and  his  coworkers,  all  of  which  helped  to 
substantiate  their  original  hypothesis  that  the  tetany  was  the 
result  of  calcium  deficiencj'  (MacCallum,  Laml^ert,  and  Vogel, 
MacCallum  and  Vogel).  Among  other  things  it  was  found  that 
the  injection  of  calcium  salts  was  the  most  efficacious  temporary 
remedy  for  the  tetanic  convulsions.  Some  of  this  work  has  been 
brilliantly  confirmed  in  a  recent  article  by  Rowland  and  ]\Iarriott 
(1917-18)  on  infantile  tetany,  but  contested,  on  less  conclusive 
evidence  to  be  sure,  by  Cooke,  Musser  and  Goodman,  Leopold 
and  von  Reuss,  Stoeltzner,  and  others  who  report  contradictoiy 
or  negative  calcium  findings.  In  view,  then,  of  this  disagreement, 
and  because  no  estimations  to  our  knowledge  had  been  made  of 
the  calcium  content  of  the  blood  at  various  stages  after  parathy- 
roidectomy, the  following  tests  were  undertaken. 

The  method  devised  by  Halverson  and  Bergeim  for  the  quanti- 
tative estimation  of  calcium  in  blood  serum  was  used  throughout. 
Although  in  our  hands  it  was  subject  to  an  error  of  ±  5  per  cent, 
it  was  found  satisfactory  for  the  purpose.  It  should  be  noted  that, 
as  there  is  Httle  calcium  in  the  corpuscles  (Cowie  and  Calhoun), 
the  concentration  of  this  substance  in  100  cc.  of  whole  blood  is 
only  about  two-thirds  of  the  quantity  in  100  cc.  of  serum.  11ie 
calcium  concentrations  at  various  stages  after  parathyroidoctomy 
are  shown  by  the  results  given  in  Talile  I  and  Fig.  1. 

1  Normal  figures  for  whole  blood  obtained  recently  by  more  accurate 
methods  would  indicate  that  these  latter  figures  were  more  nearly  correct. 
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TABLE  I. 


Ca  per  100  eo. 
serum. 


Dog  A. 

Before  operation 

10  days  after  operation  and  8  hrs.  after  first  and  only  attack 

of  mild  tetany 

IS  days  after  operation,  apparent  recovery 

Dog  B. 

Before  operation 

10  days  after  operation,  no  tetany.     Complete  recovery 

(All  parathyroid  tissue  was  probably  not  removed  in  this  dog.) 

DogC. 

Before  operation 

4  days  after  operation,  at  onset  of  third  attack  of  tetany . . . 
10     "        "  "         and  5  hr.  before  death 

Dog  E. 

Before  operation 

21i  hrs.  after  operation,  apparently  well 

5  days         "           "           immediately  before  first  attack  of 
mild  tetany 

20  days  after  operation,  very  weak,  continuous  fibrillary 
twitchings 

Dog  F. 

Before  operation 

26  hrs.  after  operation,  restless 

33i     "        "  "  early  mild  tetany 

47i    "        "  "  at  height  of   first   attack  of   acute 

tetany 

3  days  after  operation,  3  hrs.  after  start  of  second  attack  of 

acute  tetany 

DogH. 

Before  operation 

5  hre.  aft«r  operation 

23    "        "  "        slight  rigidity 

39    "        "  "        at  onset  of  first  attack  of  acute  tetany 

3  days      "  "        slight  spasticity 

8     "         **  "       spastic,  very  weak,  and  cachectic 


mg.- 

11.5 

8.2 
10.8 


11.2 
11.1 


10.4 
6.2 
4.3 


11.7 

8.0 

4.6 
4.9 


10.6 
9.0 
6.7 

7.0 

5.1 


12.0 
9.5 
8  1 
6.2 
5.3 
5.0 
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6    8 
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o 
5    4 


o 
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■^y 

^^ 

s 

9 

2  3  4  5 

Days  after  opepation 


Fig.  1. 


The  effect  of  the  injection  of  calcium  chloride  on  the  concentra- 
tion of  calcium'in'thej^lood  is  shown  by  the  following  figures: 


Dog  F. 


Ca  per  100  cc. 
fterum. 


During  acute  tetany 

Injection  of  40  cc.  of  1  per  cent  CaClj  solution;  followed  by 

complete  relaxation  and  cessation  of  convulsions  30  mm. 

later 


9.0 


These  tests  show  that  the  concentration  of  calcium  in  the  blood 
commences  to  decrease  rapidly  soon  after  the  removal  of  the  para- 
thyroids, and  in  a  few  days  reaches  a  value  which  is  about  40 
per  cent  of  the  normal.  From  then  on  until  death  there  is  little, 
if  any.  drop.  These  findings  are  consistent  with  the  values  in 
infantile  tetany  and  in  two  parath>Toidectoniized  dogs  as  found 
by  Rowland  and  Marriott  (1916),  and  in  a  case  of  adult  tetany 
recently  reported  (Barach  and  Murray).     Tho  wWium  of  40  cc. 
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of  1  per  cent  oalciuni  (.'hlorido  raisotl  the  amount  in  the  blood 
to  nomml.  This  temporary  einative  power  of  intravenous  CaClo 
injections  for  tetan>'  Nve  were  alile  to  demonstrate  repeatedly. 


TABLE  II. 


100  Rni.  plasma. 


hofore. 


After. 


Change. 


100  gm.  cells. 


Before. 


After. 


Change. 


Dog  E.     Before,  and  20  days  after,  thyreoparathyroidectomy. 


mg. 

mg. 

per  cent 

mg. 

mg. 

per  cent 

Chlorine .  .  . 

284. 0(?) 

336.0 

Uncertain. 

197.0  (?) 

184.0 

Uncertain. 

Sulfur 

6.33 

8.85 

40+ 

10.7 

12.1 

13+ 

Phosphorus 

5.08 

7.05 

38+ 

45.7 

49.0 

8+ 

Calcium 

9.14 

4.91 

46- 

3.19 

1.87 

41- 

Magnesium. 

2.09 

Lost. 

5.81 

Lost. 

Potassium. . 

20.2 

It 

29.6 

« 

Sodium 

344.0 

(< 

214.0 

« 

1   >     L    .1 

r..  I- IV, 

and  6  days  after,  thyreoparathyroidectomy. 

Chlorin< 

:,v,^  11 

378.0 

None. 

245.0 

218.0 

.10- 

Sulfur 

y .  tju 

11.1 

16+ 

9.31 

12.7 

36+ 

Phosphorus 

5.03 

5.95 

18+ 

46.9 

47.3 

None. 

Calcium.  . . . 

13.1 

8.41 

36- 

2.32 

6.47 

180+ 

Magnesium. 

Lost. 

2.07 

Lost. 

Lost. 

Potassium. . 

(( 

14.63 

<( 

30.7 

Sodium 

<< 

319.0 

" 

258.0 

DogK 

.    Before, 

and  2  days  after,  thyreoparathyroidectomy. 

Chlorine .  .  . 

401.0 

412.0 

None. 

211.0 

244.0 

15+ 

Sulfur 

9.52 

10.3 

8+ 

9.09 

10.7 

17+ 

Phosphorus 

2.71 

4.19 

55+ 

51.9 

50.8 

None. 

Calcium 

11.6 

7.85 

41- 

6.98 

8.2 

17+ 

Magnesium. 

1.83 

1.84 

None. 

6.08 

5.53 

9- 

Potassium . . 

22.3 

17.2 

23- 

32.9 

35.8 

10+  . 

Sodium 

322.0      . 

319.0 

None. 

251.0 

289.0 

15± 

J  >r.  Green wald,  who  was  in  the  process  of  perfecting  a  method 
for  the  estimation  of  the  principal  inorganic  constituents  of  blood, 
ver}'  kindly  consented  to  do  some  determinations  for  us.  His 
results  are  presented  in  Table  11. 

I'nfortunately  these  statistics  are  not  complete.  The  figures 
corroborate  our  serum  calcium  findings  and  show  an  increase  in 


A.  B.  Hastings  and  H.  A.  Murray,  Jr.         239 

sulfur  and  phosphorus.  Greenwald  himself  in  a  former  paper 
(1911)  has  alrcad}'  drawn  attention  to  the  rise  in  the  phosphates 
of  the  blood  after  parathyroidectomy.  The  hif;;h  sulfate  concen- 
tration is  in  harmony  with  the  observation  of  Marine  that  feeding 
large  amounts  of  sulfur  favors  the  development  of  tetan>'.  The 
other  figures  are  too  meager  to  furnish  material  for  deduction. 

2.  The  Alkaline  Reserve  of  the  Blood  Plamia. 

Morel  was  probably  the  first  investigator  to  state  that  a  condi- 
tion of  acidosis  followed  parathyroidectomy,  and  to  affirm  that 
this  was  the  essential  cause  of  the  ensuing  pathological  phenomena. 
He  based  his  opinion  mostly  on  the  high  concentration  of  ammo- 
nia and  lactic  acid  in  the  blood. 

Quite  an  opposite  view  was  presented  in  1915. by  Wilson, 
Stearns,  and  Thurlow,  who  reported  some  interesting  experiments 
performed  upon  parathyroidectomized  dogs  in  the  Hunterian  Lal> 
oratory  of  the  Johns  Hopkins  University.  Determinations  of  Bar- 
croft's  dissociation  constant  of  oxyhemoglobin  in  venous  blootl 
brought  into  equihbrium  with  a  constant  tension  of  carbon  diox- 
ide and  measurements  of  the  carbon  dioxide  tension  in  the  alveo- 
lar air  seemed  to  show  an  increasing  alkahne  reserve  (so  called  alka- 
losis) up  to  the  onset  of  tetany.  This  was  based  on  the  work  of 
Barcroft,  who  found  that  the  dissociation  of  oxyhemoglobin  varied 
with  the  H  ion  concentration  in  samples  of  normal  l)lood,  but  he 
did  not  show,  and  it  does  not  necessarily  follow,  that  the  same 
relationship  will  hold  for  pathological  blood,  especially  in  a  condi- 
tion which  has  been  shown  to  be  associated  with  a  disturbance  in 
the  equilibrium  of  electrodes.  The  vitality  of  the  alkalosis 
theory,  however,  was  strengthened  in  1918  when  McCann  pub- 
lished figures  for  the  combined  CO-,  after  parathyroidectomy.  To 
be  sure,  this  investigator  only  removed  the  parathyroids  in  two 
dogs,  one  of  which  was  subjected  to  gastric  lavage— a  procedure 
which  may  affect  the  CO2  tension  in  the  blood— but,  iis  his  results 
showed  such  a  decided  rise  in  alkaline  reserve  after  operation,  we 
were  entirely  prepared  to  obtain  much  the  same  values. 

In  the  determinations  which  are  about  to  ho  recorded,  the  blood 
was  usually  collected  from  the  external  jugular  vein  into  a  centri- 
fuge tube  containing  oxalate  crystals,  and   immediately  tested 
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according  to  the  tochiiiqiio  of  \an  Slyko  and  Cullcn.  In  a  num- 
ber of  instances,  however,  blood  was  taken  from  the  external 
saphenous  vein,  and  these  samples  gave  api^rcciably  lower  figures 
than  the  specimens  obtained  from  the  jugular  vein.  In  one 
series,  in  which  the  blood  was  collected  under  oil,  the  results 
seemed  to  be  a  trifle  higher  than  usual;  but  as  no  particular  ad- 
vantage seemed  to  be  associated  with  this  extra  precaution  it  was 
discontinued. 

In  the  following  incomplete  preliminary  tests  blood  was  taken 
from  the  saphenous  vein: 

Dog  A. 

Plasma  COi 
capacity. 

vol.  per  cenl 

1  day  after  operation 33.8 

2  days     "  "  and  9  days  before  onset  of  tetany....  40.4 

DogC. 

1  day  after  operat  ion 46 .  G 

2  days     "  "  40.4 

3  "         "  "  39.5 

In  the  next  two  experiments  (Talkie  III)  blood  was  collected 
under  oil  from  the  jugular  veins  unless  otherwise  stated. 

In  the  experiments  given  in  Table  IV,  the  blood  was  collected 
into  an  open  tube  from  the  jugular  vein. 

The  determinations  given  in  Tables  III  and  IV  and  Fig.  2  indi- 
cate that  after  parath^Toidectomy  the  C02-combining  capacity 
of  the  blood  is  slightly  diminished.  This  drop  is  only  appreciable, 
however,  for  a  short  period  after  the  operation  (the  usual  postoper- 
ative acidosis)  and  to  a  lesser  degree  at  the  onset  of  acute  tetany. 
With  the  exception  of  a  single  value  noted  above,  the  figures  do 
not  present  the  slightest  evidence  of  an  alkalosis;  in  fact,  they 
represent  relatively  normal  values  for  venous  blood,  the  collec- 
tion of  which  was  made  at  different  times  with  respect  to  meals 
and  attended  at  times  by  more  or  less  struggling  on  the  part  of 
the  animal. 

An  unusual  obser\''ation  was  made  in  Dog  E.  It  was  found 
that  after  running  on  the  treadmill  for  an  hour  or  more  the  com- 
bining capacity  of  the  plasma  for  CO2  and  the  CO2  content  were 
greater  than  before.     This  is  contrary  to  the  findings  in  Hastings' 
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55  experiments  with  normal  dogs  in  which  a  decrease  in  CO2  ca- 
pacity was  invariably  found  after  exercise.  Moreover,  in  normal 
dogs  no  significant  changes  in  the  H  ion  concentration  have  been 


TABLE  III. 


Plasma  COt. 


Content. 


Capacity. 


Dog  E. 


Before  operation 

1  day  after  operation,  apparently  \Vell 

2  days    "  "  restless 

3  "        "  "  no  change 

4  "        "  "  seems  quite  normal  (after 
which  dog  was  run  on  treadmill  for  1  hr.) . .  . . 

5  days  after  operation,  early  signs  of  tetany .  .  . 
7  "  "  "  apparently  recovered . . . 
14   "        "              "            thin,  but  apparently  well 

(after  which  dog  was  run  on  treadmill  for  2  hrs.) 
19  days  after  operation,  very  cachectic  and  sick 

31  "        "  "  very  much  emaciated, 
limbs  spastic. 

12.15  p.m 

Gasping  respirations,  12.45  p.m. 
9.30  p.m 

32  days  after  operation,  found  dead,  7.30  a.m. 


DogF. 


Before  operation 

1  day  after  operation,  4  hrs.  before  onset  of  mild 

tetany 

2  days  after  operation,  at  onset  of  violent  convul- 

sions   

3  days  after  operation,  quiet 

4  "  "  "         mild  tetany 

6  «  "  "         fibrillary  twitchings .  . 

7  "  "  "         very  sick 

g     "  "  "         extreme  cachexia 

9     <'  "  "         found  dead 


50.5 
51.6 
56.7 

r.1.7 
tvj  g 


*  Blood  from  saphenous  vein. 

t  No  explanation  for  this  wide  variation  is  available. 


51.0* 

51. 0* 

38. 5* 

51.5 

51.5 

47.8 
79. 7t 
62.4 
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TABLE  IV. 


DogH. 


2  days  before  operation 
1  day 

5  hrs.  after 
23   " 

29   "        " 
39   "        " 

3  days     " 
8     " 


good  recovery 

slight  rigidity 

seems  well 

onset  of  acute  tetany 

resting  quietly 

very  sick  and  spastic . 


Dog  J. 


Plasma  COj 
capacity. 


vol.  per  cent 

68.1 
64.3 
51.3 
54.8 
58.6 
49.0 
54.8 
43.8 


4  days  before  operation 

1  day       " 
3  hrs.  after 
21   "        " 
27  " 

2  days    " 

3  " 


excellent  recovery 

nervous  and  restless 

lestless 

twitches  and  tremors 

4  hrs.  before  attack  of  acute  tetany. 


52.8 
57.9 
48.5 
51.9 
53.8 
49.4 
51.9 


■p 

I 


8  50 


c 

o 

s 

6 

3 


40 


s 

DogH 

A 

, 

u 

v 

/ 

kj 

-Onset 

of  tete 

ny 

^^""^^ 

I  ° 


2  3  4  5  6  7 

Days  after  operation 


Fh;.  2. 
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detected  after  exertion,  whereas  in  this  animal  a  marked  fall  in 
pH  was  noted. 


DogE. 


Nov.  25,  1919.     Before  exercise 

After  "       

(Exercise  consisted  in  running  on  the  treadmill 
for  1  hr. ;  distance  4.76  miles.) 

Dec.  5.     Before  exercise 

After  "       

(Exercise  lasted  2  hrs. ;  distance  10.2  miles.) 


C02 

capacity. 

COj 

content. 

vol. 
per  cent 

vol. 
per  cent 

64.3 

52.2 

70.0 

74.2 

73.9 

76.8 

pH 


7.61 
7.52 


The  increase  in  the  content  of  plasma  carbon  dioxide  and  the 
definite  fall  in  pH  after  exercise  would  point,  it  seems,  to  some  dis- 
turbance in  the  mechanism  for  eliminating  CO2,  but  how  this 
might  have  been  brought  about  in  this  instance  is  not  clear. 


3.  The  H  Ion  Concentration  of  the  Plasma. 

Wilson  estimated  the  alkahnity  of  the  blood  in  a  few  parathv- 
roidectomized  dogs  by  the  method  of  Le\y,  Rowntree,  and  ]\Iar- 
riott  both  before  and  after  shaking  out  the  excess  of  CO2.  No 
variations  in  pH  were  found  in  blood  samples  tested  immediately 
after  collection,  but  in  those  which  wore  shaken,  small  increases 
were  noticed.  This,  however,  simply  confirmed  the  original  high 
values  for  the  alkaline  reserve  found  by  other  methods  and  did  not 
give  indications  of  variations  in  the  pH  of  the  blood  in  the  body. 
Recent  demonstration  of  the  fundamental  mechanisms  involved 
in  maintaining  the  acid-base  cquilil)rium  had  taught  us  not 
to  look  for  any  appreciable  change  in  the  II  ion  concentration 
of  blood  except,  possibly,  just  before  death  (Henderson).  With 
the  idea,  however,  that  there  might  be  slight  variations  during 
life  and  greater  changes  just  before  the  death  of  the  parathy- 
roidectomized  animal,  H  ion  determinations  were  made  by  the 
gas-chain  method. 

Aside  from  the  following  modifications,  the  tochnifiiio  of  these 
determinations  was  that  employed  in  most  exact  II  ion  nir:isuro- 
ments  made  by  means  of  the  potentiometer.     A  Clark  hydrogen 
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TABLE  V. 


Reaction. 


Temperature. 


Dog  E. 


Before  operation 

1  day  after  operation,  good  recovery 

2  days     "  "         very  lively 

3  '*        "  '■         restless 

4  "        "  "         apparently  well 

(After  removing  the  blood,  dog  was  run  for  1  hr. 

on  treadmill.) 

5  days  after  operation,  onset  of  mild  tetany..  . 
19     "      "  "  emaciated 

31  "      "  "  cachexia,  spastic,  12.15 

p.m 

Gasping   respirations, 

12.45  p.m 

9.30  p.m 

32  days  after  operation,  found  dead,  7.30  a.m. . 

Dog  F. 

Before  operation 

3  days  after  operation,  6  hrs.  after  attack  of  acute 

tetany  had  been  cured  by  CaCU  injection.  .  .  . 

4  days  after  operation,  mild  tetany 

6  "  "  "         fibrillary  twitchings .  . . . 

7  "         "  "         apathy 

8  "         "  "         extreme  cachexia, 

12.00  m 

Found  dead,  9.00  a.m.  . . 

Dog  H. 

Before  operation 

8  days  after  operation,  spastic  but  no  real  con- 
vulsions   

DogK. 

Before  operation,  9.45  a.m 

Operation,  little  bleeding,  2.30-3.00  p.m 

After  operation,  good  recovery,  4.55  p.m 

1  day  after  operation,  twitching,  9.15  a.m 

Restless,  2.30  p.m 

2  days  after  operation,  spasmodic  twitches,  6.00 
a.ni 


"C. 
15 
16 
16 
16 
17 


20 
13 

14 

14 
11 


16 
15 
16 
17 

17 


12 
13 


20 

20 
20 
20 

17 
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TABLE  \— Concluded. 


Reaction. 


Temperature. 


DogL. 


pH 

°c. 

Before  operation,  9.50  a.m 

7.70 

20 

Operation,  moderate  hemorrhage,  3.10-4.00  p.m. 

After  operation,  good  recovery,  5.00  p.m 

7.63 

20 

1  day  after  operation,  shivering,  9.20  a.m 

7.63 

20 

Twitches,  2.35  p.m 

7.64 

20 

2  days  after  operation,  mild  tetany,  6.10  a.m. . . 

7.65     ' 

17 

Onset  of  acute  tetany, 

12.45  p.m 

7.64 

18 

0  5  10  15         20         25         30  35  40 

Hours  a-ftGP   operation 

Fig.  3. 

electrode  was  so  adapted  that  the  blood  phisma.  collected,  sep- 
arated, and  kept  under  oil,  could  be  admitted  to  the  gas  chamlier 
without  exposure  to  the  air.  After  equilibrium  had  been  reached 
by  shaking,  the  plasma  was  replaced  by  a  new  sample,  and  tiiis 
procedure  repeated  until  no  change  in  the  H  ion  concentration, 
due  to  loss  of  CO2,  occurred.  The  temperatures  at  which  the  H 
ion  determinations  were  made  are  given  in  the  la^t  column  ()f 
Table  V.  Because  of  the  present  disagreement  between  investi- 
gators regarding  the  magnitude  of  the  change  in  pH  determina- 
tions made  at  18°  and  38°,  wo  have  not  attempted  to  rei^ut  our 
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values  at  body  temperature.  With  ,t.he  })rovisional  acceptance 
of  Michaelis'  temperature  correction  of  0.21,  however,  it  is  seen 
that  the  average  of  all  our  pH  determinations  is  7.45,  a  value  very 
close  to  that  regarded  as  the  reaction  of  normal  blood. 

It  is  to  be  noted  that,  just  as  in  our  estimations  of  calcium, 
CO2.  and  sugar,  the  later  exjieriments  {i.e.  in  this  case  Dogs  K 
and  L)  gave  the  most  imiform  results  (Fig.  3).  We  are  of  the 
opinion  that  the  increased  constancy  was  mostly  due  to  better  tech- 
nique and.  therefore,  the  latter  figures  arc  probably  more  accurate. 
If  this  is  true  we  may  infer  that  the  H  ion  concentration  of  the 
blood  remains  relatively  constant  after  parathyroidectomy. 

4.  Blood  Sugar. 

Underbill  and  Blatherwick  have  found  that  l)lood  sugar  was  low 
after  parathyroidectomy.  Their  determinations  made  with  the 
method  of  Forschbach  and  Severin  showed  extraordinarj'  varia- 
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tions  and  wore  not  accompanied  by  sufficient  data  to  allow  for 
much  comment.  Watanabe's  figures  before  and  after  the  injec- 
tion of  the  tetany-producing  methyl  guanidine  were  more  uniform, 
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TABLE  VI. 


Glucose  per  100 
cc.  blood. 


Dog  E. 


Before  operation,  9.00  a.m 

1  day  after  operation,  well,  9.00  a.m 


2  days     "  "         restless,  8.00  a.m 

3  "        "  "         no  symptoms,  8.00  a.m 

4  "        "  "         "  "  9.00     "    

5  "        "  "         onset  of  mild  tetany,  8.00  a.m. . 

7     "        "  "         no  symptoms 

19   "         "  "         marked  emaciation,  sick 

31  "         "  "         very  sick,  last  stages,  12.15  p.m , 

Gasping  respirations,  12.45  p.m. 

32  days  after  operation,  death. 


gm. 

0.074 
0.095 
0.070 
0.071 
0.096 
0.079 
0.087 
0.111 
0.109 
0.121 


Dog  F. 


3  days  after  operation,  and  5  hrs.  after  cessation  of  acute  tet- 
any following  CaCh  administration,  9.00  a.m 

4  days  after  operation,  mild  chronic  tetany,  4.00  a.m 

6     "  "         "         fibrillary  twitchings,  9.00  a.m 


DogK. 


Before  operation,  9.45  a.m 

2  hours  after  operation,  4.55  p.m 

1  day       "  "  twitches,  9.15  a.m .  . 

Restless,  2.35  p.m. . 

2  days  after  operation,  twitches,  6.00  a.m .  . 

3  "         "  "         very  lively,  9.30  a.m . 


DogL. 


Before  operation,  9 .50  a.m 

1  hr.  after  operation,  5.00  p.m 

1  day     "  '■  shivering,  9.20  a.m 

Twitches,  2.35  p.  m 

2  days  after  operation,  mild  tetany,  6.10  a.m 

Onset  of  acute  tetany,  12.45  p.m. 
Acute  tetany,  2.15  p.m 

3  days  after  operation,  mild        "        9.40  a.m 


*  This  high  value  may  be  a  sequela  of  the  convulsiou 
the  calcium  injection.  , 


0.135* 

0.079 

0.083 


0.054 
0.100 
0.075 
0.060 
0.067 


u .  I  )0'J 

0.123 
0.069 
0.069 
0.075 
0.060 
0.065 
0.067 


result  of 
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however,  and  likewise  showed  a  fall.  Our.  few  estimations  done 
by  tlie  MacLean  method,-  however,  do  not  confirm  their  results.^ 
Tlie  tests  recorded  in  Table  VI  and  Fig.  4  show  that,  in  our 
series,  at  least,  there  was  no  marked  disturbance  in  sugar  metabol- 
ism for  the  first  few  days  after  operation.-  The  previously  ob- 
served postoperative  hyperglycemia  seems  to  be  the  only  variation 
from  the  normal. 

0.  Symptomatology. 

The  phenomena  following  removal  of  the  parathyroid  bodies  in 
dogs  have  been  described  many  times  in  the  past,  and  in  these 
experiments  there  were  abundant  opportunities  to  witness  and 
verify  the  train  of  events  as  usually  recorded.  We  could  not  find 
in  the  hterature  any  but  the  most  incomplete  and  casual  mention 
of  certain  other  less  obvious  sj'mptoms  which  may  have  some 
bearing  on  the  final  solution  of  the  problem  and,  therefore,  will 
be  briefly  discussed  at  this  point.  In  the  first  series  of  experi- 
ments a  number  of  striking  signs  were  noted  which  pointed  to  a 
widespread  stimulation  of  the  parasympathetic  nervous  system 
and  immcdiateh'  suggested  an  explanation  for  the  much  discussed 
but  exceedinglj'  obscure  function  of  the  parathyroids.  These 
sjTnptoms  were  as  follows:  epiphora,  followed  by  purulent  con- 
junctivitis, enophthalmos  with  narrowed  eye-slit,  increased  watery 
nasal  secretion  leading  to  rhinitis,  increased  salivation  with  foam- 
ing at  the  mouth  just  before  tetanic  attack,  increased  labored 
respirations  with  expiratory  wheeze,  respiratory  pulse,  irregular 
heart  rate  characterized  (in  the  last  stages)  by  dropped  beats 
and  sinus  arj'thmia,  vomiting,  diarrhea,  frequency  of  urination 
and  pollakiuria,  sexual  excitement,  and  increased  coagulation  time 
of  the  blood.  Some  of  these  manifestations  have  been  proved 
experimentally,  whereas  others  have  been  supposed  on  clinical 
grounds  to  he  of  parasympathetic  origin.  The  very  characteristic 
tach}7)nca,  however,  did  not  seem  to  be  the  result  of  a  constriction 
of  the  bronchial  musculature  since  neither  large  doses  of  adrenalin 
nor  atropine  had  an  alleviating  effect.     The  phenomenon  might, 

'  The  average  of  about  100  normal  determinations  of  dog  blood  done  by 
the  MacLean  technique  in  this  laboratory  is  0.069  gm.  per  100  cc. 

■'  We  are  indebted  to  Mr.  T.  H.  Ford  for  most  of  the  determinations  of 
blood  sugar  reported  in  this  paj)cr. 


>'^ 
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however,  be  the  result  of  increased  irritabiUty  of  the  respiratory 
center.  The  coagulation  tests  were  made  in  a  small  glass  tube 
into  which  blood  was  admitted  from  the  bottom  through  a  pet- 
cock  attached  to  a  Luer  needle.  Blood  was  collected  from  the 
external  saphenous  vein.  The  technique  has  recently  been 
described  bj^  King  and  Murra3^  The  summary  of  the  results  is 
given  in  Table  VII. 

Taken  as  a  whole  these  symptoms  represent  a  rather  clear  pic- 
ture of  vagotonia,  as  described  by  Eppinger  and  Hess.  In  the 
later  experiments  after  more  careful  observation  it  became  evident 
that  the  parasympathetic  system  was  not  exclusively  affected. 


TABLE  VII. 


Dog  A. 
Dog  B.^ 
DogC. 
Dog  D. 
Dog  E. 
DogH. 


Before 
operation , 


11 

18 
9 
10 
10 
11 


2  days  after  operation,  8  days  before  tetany. 

No  tetany 

2  days  after  operation,  3  hrs.  before  tetany 
1  day  "  "  1  day  "  "  . 
20  days     "  "         chronic  tetany 


After 
operation. 


14 
16 
12 
12 
15 
16 


*  There  was  no  apparent  cause  for  the  high  figures  obtained   in   this 
dog. 

The  evidence  of  sympathetic  excitability  was  given  by  the  follow- 
ing: dilation  of  the  pupil,  the  projection  of  the  nictitating  mem- 
brane across  the  ej'eball,  tachycardia,  and  fever.  The  following 
sjTnptoms  may  be  included  in  this  review  although  their  interpre- 
tation on  the  basis  of  the  autonomic  system  is  questionable:  sneez- 
ing, hiccough,  loss  of  appetite,  Cheyncs-Stokes  respirations,  itch- 
ing of  the  skin,  and  weakness.  Falta  and  Kahn,  Halsted,  and 
others  have  recorded  some  of  these  signs  but  little  significance  has 
been  attributed  to  them.  It  is  of  more  than  passing  interest  to 
note  in  connection  with  the  conjunctivitis  of  these  dogs  with  low 
blood  calcium  the  finding  of  Chiari  and  Januschke  that  calcium 
chloride  injections  would  prevent  the  inflammation  of  the  eyes 
produced  by  oil  of  mustard. 

We  believe  that  the  most  hkely  explanation  of  these  abnormal 
physiological  events  is  that  there  exists  after  parathyroidectomy 
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an  increased  autonomic  excitability  which  parallels  similar  changes 
in  the  voluntary  nervous  system  and  that  this  state  involves  both 
the  parasATiipathetic  and  s>nnpathetic  divisions,  but  more  par- 
ticularly the  former.  This  conclusion  agrees,  in  the  main,  with 
that  of  Falta  and  Kahn.  and  Hoskins  and  Wheelon. 

RESULTS. 

After  thyreoparath^Toidectomy  in  a  series  of  dogs,  the  findings 
were  as  follows: 

1.  The  pH  of  the  plasma  remained  within  normal  limits. 

2.  The  carbon  dioxide-combining  capacity  of  the  blood  was 
sUghtly  diminished.  This  fall  was  apprecial)le,  however,  for 
only  a  brief  period  immediately  after  operation,  and  during  the 
hj-perpnea  at  the  onset  of  tetan3^  No  other  changes  were 
regularh'  noted  in  the  alkaline  reserve. 

3.  The  calcium  content  of  the  scrum  decrcased  in  a  few  days 
from  a  normal  value  of  about  11  mg.  per  100  cc.  to  about  5  mg.,  a 
concentration  which  was  hardly  diminished  subsequently.  When 
the  serum  calcium  reached  a  concentration  of  approximately  7 
mg.  tetany  developed. 

4.  Two  analyses  by  Greenwald  sliowod  that  phosphorus  and 
sulfur  were  increased  in  the  blood. 

5.  Sugar  analyses  demonstrated  the  previously  recorded  post- 
operative hA'i:)erglycemia,  but  showed  no  other  significant  changes 
in  glucose  metabolism  during  the  first  few  days  following  operation. 

6.  Certain  of  the  less  obvious  sxinptoms  were  noted.  They 
seemed  to  be  manifestations  of  an  increased  irritabilitj^  of  both 
the  s}Tnpathetic  and  paras3'mpathetic  systems. 

Since  these  experiments  were  finished,  there  have  appeared  in 
the  literature  two  papers  confirming  the  above  results  for  the 
COr-combining  power  of  the  blood;  a  short  series  of  tests  included 
in  an  article  by  MacCallum  and  his  coworkers  (1920)  on  gastric 
tetany,  and  a  more  complete  series  of  Van  Rlj'ke  CO2  determina- 
tions made  by  Togawa.  The  latter  got  slightly  lower  figures 
than  ours,  and  believed  they  were  sufficiently  abnormal  to  entitle 
the  condition  to  consifjeration  as  an  acidosis.  In  looking  over  the 
more  difficultlj'  obtainable  literature,  we  also  found  that  another 
investigator  (Segale)  had  measured  the  pH  of  serum  after  para- 
th>Toidectomy  and  had  likewise  found  it  unaltered.  We  have  dis- 
covered no  confirmation  for  our  sugar  values. 
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DISCUSSION. 

The  results  of  our  experiments  have  not  led  us  to  any  clear 
conclusion  as  to  the  function  of  the  parath3'roid  glands  or  the 
fundamental  disturbances  which  follow  their  removal.  The 
decrease  in  the  calcium  content  of  the  blood  is  one  very  definite 
and  important  change  which  occurs,  the  significance  of  which 
rests  upon  the  fundamental  work  of  Loeb  and  others  who  showed 
that  the  maintenance  of  the  normal  irritability  of  muscle  and 
nerve  is  dependent  upon  an  undisturbed  equiUbrium  between 
various  electrotytes  in  the  surrounding  medium,  and  that  certain 
divalent  cations  were  antagonistic  to  monovalent  cations  in  their 
influence  upon  nerve  excitabihty.  More  specifically,  it  was 
found  that  nerves  bathed  in  a  solution  of  NaCl  became,  after  a 
certain  latent  period,  chemically  stimulated.  If,  however,  a 
definite  concentration  of  CaClo  was  added  to  the  solution,  no  such 
effect  was  obtained.  Loeb  (1899-1900)  regarded  the  Na  and  Ca 
ions  as  antagonistic  and  the  solution  which  contained  them  both 
in  proper  proportions  as  a  physiologically  balanced  solution. 
Fiihner,  attracted  by  Loeb's  work,  suggested  in  1908  the  possi- 

monovalent  ions 

bility  of  an  increase  in  the  ratio  — r. — , — --: as  the  cause  of 

divalent  ions 

tetany.  Later  Loeb  and  Ewald  considered  the  chemical  stimula- 
tion of  nerves  in  more  detail,  stressed  the  greater  importance  of 
the  cations  as  compared  with  the  anions,  and  discussed  the  possible 
relationships  between  stimulation  and  rate  of  diffusion.  Loeb 
(1915)  found  that  to  preserve  normal  irritability',  the  ratio  of 

rTT^; TTT^i  must  be  maintained  fairlv  constant  and  the  amount 

[Ca]  +  [Mg] 

of  Ca  required  to  neutrahze  Na  would  vary  in  direct  proportion  to 
the  concentration  of  the  latter.  That  the  cations  are  not  alone 
concerned  has  been  shown  bj-  Mathews,  Lillic,  Loeb,  and  others. 
Mathews  fisted  a  number  of  sodium  salts  according  to  their  power 
to  stimulate  nerves;  as  the  cation  was  the  same  in  each  case  the 
differences  observed  were  apparently  due  to  the  anions.  The 
fist  was  very  similar  to  one  made  by  Loeb  a  few  years  before.  Fi- 
nally, Raber  has  recently  reported  the  results  of  researches  on  tiio 
effect  of  anions  on  the  conductivity  of  living  protoplasm.  .\11 
these  experiments  seem  to  show  the  same  thing;  namely,  that 
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anions  have  a  definite  effect  (although  to  a  less  degree  than  the 
cations)  on  the  chemical  stimulation  of  nerves.  The  monovalent 
anions  tend  to  act  in  the  same  fashion  as  the  divalent  cations, 
i.e.  they  have  an  inhibiting  effect;  whereas  the  salts  with  divalent 
anions  are  relatively  more  irritating.  If  these  results  may  be  ap- 
plied to  human  i^roblems  one  would  expect  to  find  that  the  injec- 
tion of  a  salt  with  monovalent  cations  and  divalent  anions  would 
provide  a  maximal  irritating  effect,  whereas  a  salt  with  a  divalent 
cation  and  monovalent  anion  would  be  inhibitivc. 

In  189S  IMiinzer  iiroduced  tetany  by  injecting  various  sodium 
salts.  According  to  the  theory,  any  sodium  salt,  if  injected  in 
sufficient  ciuantity,  should  increase  nerve  irritability^,  because 
cations  are  more  important  than   anions,   and   adding   sodium 

monovalent  cations 

would,  of  course,  serve  to  increase  the  ratio       ,.     ,     ~      7:  • 

'  divalent  cations 

He  found  that  sodium  bicarbonate  and  sodium  phosphate 
brought  on  con\'ulsions  sooner  than  sodium  chloride,  which 
also  agrees  with  the  theoiy  since  the  injection  of  the.  former 

divalent   anions 

would  tend  to  increase  the   ratio    ;     :        :  Bmger 

monovalent   anions 

induced  con\'ulsions  in  dogs  by  injecting  sodium  phosphate  solu- 
tions of  various  H  ion  concentrations.  He  found  that  tetany 
was  more  readil}^  obtained  with  NaoHPOi  than  with  NaH2P04 
solutions.  He  attributed  the  potency  of  these  mixtures  to  the 
phosphate  ion,  which  was  doubtless  in  some  measure  correct. 
But  the  sodium  ion  is  probal)ly  the  more  important  of  the  two 
and  the  greater  toxicity  of  the  disodium  mixture  would  be  ex- 
plained on  this  basis.  A  case  of  transient  tetany  recently  occurred 
at  the  Presbyterian  Hospital,  New  York,  after  sodium  bicarbonate 
administration,  another  case  was  reported  by  Harrop  from  the 
wards  of  the  Johns  Hopkins  Hospital,  and  other  similar  instances 
have  been  recorded  elsewhere.  There  is  a  case  on  record  of 
tetanoid  seizures  following  a  rectal  infusion  of  large  amounts  of 
saline  (Campbell). 

All  available  data,  however,  do  not  agree  with  the  theory. 
Green wald,  for  instance,  found  that  in  his  hands  tetany  was  pro- 
duced with  more  facility  by  sodium  chloride  than  V)}^  sodium  phos- 
phate solutions.  However,  other  complicating  factors  such  as 
osmotic  phenomena  and   the  rate  of  excretion   of  the   various 
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ions  by  the  kidney  might  account  for  some  of  the  apparently  dis- 
cordant results.  In  the  Ught  of  our  carbon  dioxide  determina- 
tions it  is  hard  to  understand  the  beneficial  results  obtained  by 
Wilson  and  coworkers  when  HCl  was  injected  intravenously.  It 
may  be  that  the  explanation  hes  in  the  fact  that  such  an  injection 
besides  adding  monovalent  anions  greatly  alters  the  ratio  between 
other  important  ions  in  the  blood,  the  maintenance  of  which  seems 
to  be  important.  Much  conflicting  evidence  has  been  presented 
in  regard  to  various  therapeutic  measures  in  tetany  .which  it  is 
difficult  to  explain.  The  attacks  of  tetany  following  parathyroi- 
dectomy var}'  both  in  severity  and  extent.  It  is  difficult  to  pass 
judgment  on  the  many  temporary  cures  for  the  tetanic  seizures 
which  have  been  reported,  as  the  attacks  are  usually  self-hmited, 
often  ending  abruptly  without  treatment.  After  a  few  daj's,  the 
animal  lapses  into  a  torpor  which  is  not  characterized,  as  a  rule, 
by  typical  convulsions,  but  rather  by  a  continuous  spasticity 
with  intermittent  twitchings  and  fibrillar}^  movements  of  such 
mildness  in  comparison  to  the  terrible  seizures  of  the  previous 
period  that  the  unwary  may  easily  ascribe  the  apparent  improve- 
ment to  medication.  The  dogs  in  the  present  series  of  experi- 
ments were  kept  in  the  room  where  the  chemical  tests  are  made 
and  were  watched  da}'  and  night  for  at  least  the  first  5  days 
following  operation. 

The  theoretical  considerations  outlined  above  seem  to  be  useful 
in  explaining  the  effect  on  nerve  irritabihty  of  various  salt  solutions 
when  injected  intravenously.  They  also  appear  to  harmonize  in 
a  rough  way  with  the  findings  in  tetany  and  to  account  for  the 
therapeutic  effect  of  certain  solutions.  It  is  not  maintained,  how- 
ever, that  the  disordered  salt  equihbrium  {i.e.  decrease  in  calcium, 
increase  in  phosphate,  etc.)  is  the  underlj'ing  disturbance  after 
parathyroidectomy.  In  fact,  many  signs  seem  to  point  to  a 
fundamental  disturbance  in  protein  metabolism,  even  though  evi- 
dence in  favor  of  the  accumulation  of  any  one  toxic  protein  decom- 
position product  in  the  blood  is  as  yet  incomplete.  An  observa- 
tion made  in  these  experiments  which  suggests  a  relationship 
between  muscular  exercise  and  tetany  may  have  some  bearing  on 
this  phase  of  the  question.  On  two  separate  occasions  attacks 
of  tetany  were  brought  on  in  a  parathyroidectomized  dog,  which, 
at  the  time,  gave  no  evidence  of  h>T3erexcitabihty  and,  in  fact, 
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seemed  on  the  road  to  recovery  l\v  ruiming  1  to  2  hours  on  a 
treadmill. 

Furtlier  work  on  this  subject  should  be  devoted,  we  beheve,  to 
studying  the  disordered  protein  metabolism  and  the  connection 
between  protein  metabohtes  and  salt  equilibrium.  In  this  field, 
Watanabe  has  recently  pubhshed  some  interesting  experiments, 
among  which  are  those  showing  a  decrease  in  the  concentration 
of  calcium  in  the  blood  after  guanidine  injections. 

CONCLUSION. 

The  effects  of  parathjToidectomy  upon  the  calcium,  sugar, 
combined  carbon  dioxide,  and  H  ion  concentrations  of  the  blood 
have  been  studied. 

The  previously  observed  calcium  deficiency  in  parathyroidecto- 
mized dogs  is  verified,  but  no  support  is  found  for  theories  based 
on  a  disturbed  acid-base  equilibrium. 

General  theoretical  considerations  are  outlined  which  ma3^  be 
of  some  value  in  explaining  the  relationship  between  tetany  and 
the  relative  concentration  of  certain  ions  in  the  blood. 
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ACUTE  H.EMATOGEXOUS  OSTEOMYELITIS  * 

By  Frederic  W.  Bancroft,  M.D. 

OF  New  York,  N.  Y. 

ASSOCIATE  ATTENDING  SURGEON,  NEW  VORK  HOSPITAL 

(From  the  Laboratory  of  Surgical  Research  of  Columbia  University) 

In  acute  iKematogenous  osteomyelitis  in  children  primary  operation 
with  removal  of  only  sufficient  cortex  to  allow  adequate  drainage  fol- 
lowed by  thorough  post-operative  Dakinization,  wull  frequently  pre- 
serve the  remaining  cortex  often  seemingly  dead.  Moreover,  deformity 
may  be  prevented  and  the  period  of  disability  shortened.  Care  must  be 
taken  to  avoid  injury  of  the  blood  supply  by  unnecessary  curettage  and 
packing.  Our  animal  experiments  in  chemically  produced  osteomyelitis 
have   suggested   the  possibility  that  any   necrotic  bone,  if   sterile,   will 

ntually  be  utilized  as  a  framework  for  new  bone  production.     The 

I  war  has  made  the  problems  of  chronic  and  traumatic  osteomyelitis 
eminent.  Little,  however,  has  been  written  of  the  acute  hasmatog- 
ous  variety  prevalent  in  children. 

Bone  infections  among  children  differ  froin  those  in  adults,  as  the 
epiphysis  is  not  yet  united  to  the  diaphysis  and,  therefore,  the  problems 
of  therapy  necessarily  diflfer.  The  infection  is  believed  by  many  to  start 
in  the  metaphysis  near  the  epiphysis,  and  then  may  spread  either  through- 
out the  medullary  cavity  or  Haversian  canals  to  beneath  the  periosteum. 
It  may  extend  to  the  neighboring  joint  by  being  diverted  by  the  epiphysis 
through  the  cortex,  w^here  it  travels  under  the  capsule,  or  it  may  pene- 
trate the  epiphysis  and  reach  the  joint  by  this  channel. 

Lexer  has  well  demonstrated  the  circulation  of  the  long  bones  in 
children  with  radiograms  by  injecting  the  arteries  with  substances  re- 
sistant to  the  X-ray  (Fig.  i).  His  work  shows  very  clearly  that  with  the 
exception  of  the  circumferential  lamellae,  the  diaphysis  is  almost  entirely 
supplied  through  the  nutrient  artery,  while  the  epiphysis  and  neighbor- 
ing portion  of  the  metaphysis  receive  an  abundant  blood  supply  from  the 
numerous  metaphyseal  arteries.  It  is  in  the  relatively  avascular  zone 
between  the  diaphysis  and  metaphysis  (Fig.  i,  c)  that  infection  probably 
starts,  and  it  is  along  this  zone  that  separation  frequently  takes  place 
when  a  sequestrum  develops.  It  is  interesting  to  note  that  the  main 
nutrient  artery  entering  the  shaft  courses  away  from  the  growing  epi- 
physis w^hich  is  most  frequently  involved  in  osteomyelitis. 

In  1919  I  attempted  to  reproduce  osteomyelitis  in  dogs  before  the 
students  of  the  third-year  course  in  regional  surgery  at  Columbia.  At 
the  suggestion  of  Dr^  William  Clarke,  of  the   Laboratory  of  Surgical 

*  Read  before  the  New  York  Surgical  Society.  March  23,  1921. 
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Research,  tlirough  a  drill  iiole  in  the  cortex  of  the  medullary  canal  of  the 
humerus,  cruton  oil  was  introduced  in  glass  capillary  tube  containers  hav- 
ing their  ends  sealed  with  agar-agar.  The  hole  in  the  cortex  was  then 
plugged  with  bone  wax.  and  the  soft  parts  and  the  skin  were  sutured. 
By  this  procedure,  repair,  following  the  operative  trauma,  was  allowed  to 
progress  before  the  croton  oil  was  liberated  froiu  the  capillary  tube, 
probablv  bv  the  solvent  action  of  the  cells  and  body  fluids  upon  the  agar- 


^>  i"^. 


^^'^ 


Pic.  I. — Circulation  of  infant's  tiVjia  and  fibula.  (After 

Lexer.)     A,    nutrient    artery;    B,    metaphyseal  and 

capsular  arteries;    C.    relative  avascular  zone  where 

sequestrum  separation  usually  occurs. 


Fig.  2  (Path.  No.  5665). — Opera- 
tion, October  10.  1919.  Procedure: 
Capillary  tube  containing  croton 
oil  inserted  in  medullary  canal. 
Result:  Killed  November  3,  1919. 
Sg,  sequestrum;  Iji,  involucrum; 
S,  separation  zone. 


agar.  As  croton  oil  causes  marked  necrosis  of  the  surrcnmding  bone,  we 
were  able  to  produce  a  chemical  osteomyelitis.  A  secjuestrum  often  5  to 
10  cm.  in  length  and  including  the  entire  circumference  of  the  shaft  fre- 
quently occurred.  This  sequestrum  was  separated  from  a  newly  formed 
involucrum  by  a  zone  of  debris  and  leucocytes ;  therefore,  all  the  factors 
of  an  acute  osteomyelitis  were  present  with  the  exception  jjrobably  of 
bacteria  and  their  by-products.  .Sections  show  the  sequestrum  with  an 
involucrum  surrounding  CFigs.  2  to  7)  but  separated  from  it  by  a  zone 
of  pus.     The  cortical  bone  of  sequestrum  shows  absence  of  nuclei  and 
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throughout  its  cancellous  portion  there  is  a  marked  inhltration  of  leuco- 
cytes.   The  involucrum  consists  of  newly  fonned  subperiosteal  bone. 

In  the  prolonged  animal  experiments  radiographic  studies  show  the 
gradual  disappearance  of  the  sequestrum  (Figs.  8  to  lo),  so  that  at  the 
end  of  two  months  it  was  impossible  to  detect  its  former  outlines  by 
X-ray.  Microscopical  sections  (Figs,  ii  and  12)  taken  at  this  time  show 
the  disappearance  of  the  zone  of  separation,  and  the  former  sequestrum 
is  now  united  to  the  living  bone  bv  blood-vessels  entering  the  Haversian 


Fig.  3  (Path.  No.  ^66 s).— Photograph  of  cross  section.    Massi%i;  ic-.iicoUum  extend- 
ing almost  the  entire  length  of  shaft.     Sq.  sequestrum;    In.  involucrum;    i.  sepa- 
ration zone. 

canals.  The  process  is  similar  to  that  found  in  any  bune  transplant; 
gradual  absorption  and  deposition  of  new  hone  occurring  throughout  the 
Haversian  canals  until  all  the  dead  bone  has  l)cen  replaced. 

I  have  emphasized  these  facts  because  I  believe  they  have  a  detinite 
influence  on  human  surgery.  I  shall  show  in  the  study  of  clinical  cases 
that   in   children    bone   tissues   that   are   apparently   dead   can    be   saved 

to  advantage. 

During  the  last  five  vears  we  have  had  eleven  cases  of  acute  osteo- 
myelitis in  children  on  Doctor  Pool's  service  at  the  New  York  Hospital. 
It  has  been  possible  to  follow  these  cases  and  to  observe  the  results  of 
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treatment.  Trauma  was  the  most  prominent  etiological  factor  in  our 
series.  Six  or  (.)0  per  cent,  received  injuries  varyinq-  from  ten  hours  to 
two  weeks  before  the  onset  of  the  acute  process.  That  trauma  and  the 
presence  of  bacteria  in  the  blood-stream  can  cause  ostet)ni\  clitis  in  animals 
has  been  demimstrated  bv   Lexer  and  others.     We  ha\e  produced  it  in 


"^-v 


Pig.  4  (Path.  .No.  ^M'S). — Microscopic  section.     In  the  lowei  zone  of  separation  necrotic 
di-bris  disappeared   during  decalcification.    .S'lj,   sequestrum;  In,  involucrum;    5,  separa- 
tion zone. 

rabbits  in  the  Surgical  Jvesearch  Laboratory  by  traumatizing  the  leg 
without  breaking  the  skin,  and  injecting  into  the  veins  of  the  ear  a  strain 
of  staphylococcus  from  a  case  of  human  osteomyelitis,  which  had  sub- 
sequently been  transmitted  through  rabbits.  On  sectioning  the  femur, 
which  had  been  fractured  by  the  force  of  the  blow,  there  was  a  marked 
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exudation  of  pus-cells  at  the  epiphysis  and  in  the  niethilhuy  canal.  The 
short  period  oi  ten  hours,  between  the  time  of  the  injury  and  the  apparent 
onset  of  the  infection  in  children,  has  suggested  to  nie  that  the  disease 
mav  be  due  to  bacterial  emboli  locating  in  the  traumatized  small  vessels 
near  the  termination  of  tlie  nutrient  artery  on  the  diaphyseal  side  of  the 


Fig.  7A  (Path.  6692J. — Loner  i''j'.VLr  ■  i^v  >j:   l-niiinul  jjorlion  of  sequestrum  with  surrounding 

involucmm.    A,  sequestrum;     B,    Rranulation   tissue;    C,    inyolucrum;    D,  terminal  spicule   of 

sequestrum  shown  under  high  power  in  Fi:;.  7B. 

epiphysis  (Fig.  i,  c).  Three  cases  developed  without  any  history  obtain- 
able of  previous  injury  or  infection.  A  recent  tonsillitis  might  be  assumed 
to  be  the  etiological  factor  in  one  case. 

The  tibia  was  involved  five  times,  four  in  the  upjjcr  portion  of  the 
shaft  and  once  in  the  lower.  The  femur  was  involved  four  times  in  the 
region  of  the  lower  epiphysis.  The  ulna  once  at  the  epiphysis.  The 
neighboring  joints  were  definitely  infected   in   four  cases.     Metastatic 
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joint  involvements  occurred  in  one  case  where  the  hip  on  the  opposite 
side  and  the  elbow  on  the  same  side  were  severely  infected.  One  case 
of  double  suppurative  parotitis  developed.  Three  patients  developed 
metastatic  osteomyelitis  in  long  bones  in  addition  to  the  primary  focus. 
All  the  patients  showed  sig"ns  of  severe  infection,  high  temperature  and 


Fig.  tB  (Path.  6692).— Terminal  portion  ot  sequestrum  shu«iiiK  ncv  b^-iij.  iL,vi.i^li~>:i  ..i^uul  it. 

and  gradual  reorganization.     A.   Dead  bone,  cell  spaces  are  empty,   showing  no  nuclear  stain. 

B,  newly  formed  bone  surroundmg  and  incorporatinfi  dead  bom. 

pulse-rate,  prostration,  and  all  but  one  case  had  a  high  leucocytt.sis  vary- 
ing from  20,000  to  44,000. 

No  amputations  were  done  in  any  of  this  series. 

There  was  swelling  and  cedema  of  the  soft  i^arts  in  ten  cases.  I^.ne 
tenderness  on  pressure  was  noted  in  nine  cases  and  was  absent  in  two 
cases.  Swelling  about  the  neighboring  joint  was  noted  ,n  six  cases,  with 
limitation  of  motion  in  four. 
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There  was  one  death,  a  boy  oi  seveiUeen  years,  with  osteoniyehtis  of 
the  fenuir.  who  died  twenty-tour  hours  alter  achnission  from  sei)sis  and 
cardiac  failure.    He  had  a  low  leucocyte  and  high  ditTerential  count. 

FolUrzi'-iip. — Two  cases  have  been  lost  track  of  after  having  been  fol- 
lowed lor  about  two  years.  C>ne  of  these  at  that  time  liad  a  small  per- 
sisting sinus,  the  other  was  well. 

The  remaining  cases  have  been  followed  from  one  to  h\G  years  and 
are  well.  Two  cases  with  joint  invohement  where  the  joint  was  drainetl 
now  have  ankylosis,  one  a  knee-  and  the  other  a  hip-joint. 

The  treatment  of  acute  osteomyelitis  in  children  may  properly  be 
divided  into  the  treatment  of  the  acute,  and  secondly,  treatment  at  the 
subacute  stage.  Primary  indication  for  operation  at  the  onset  is  the 
relief  of  pus  under  pressure,  and  as  such,  it  should  be  treated  with  the 
same  surgical  j)rinciples  as  ptis  collections  elsewhere  in  the  body;  that  is, 
by  adequate  drainage,  with  the  least  possible  trauma  and  wnth  careful 
attention  to  the  blood  supi)ly.  If  one  considers  that  frequently  peri- 
osteum with  its  blood  supply  has  been  strij)})ed  from  the  shaft  by  the 
exudation  of  pus  and  that  the  only  remaining  blood  supply  to  the  shaft 
is  through  the  nutrient  artery,  one  realizes  the  danger  to  the  entire  shaft 
from  too  active  treatment  by  curettage  or  i)acking. 

It  is  true  that  in  the  region  of  the  metaphysis,  the  bony  septa  some- 
what resembles  the  septa  of  the  mastoid,  and  that,  therefore,  in  this 
region  it  may  be  necessary  to  break  up  the  c(jmpartments  of  the  al)scess. 
Care  even  here  should  be  taken  not  to  traumatize  any  more  than  possible. 
Simmons,  of  the  Massachusetts  General  Hospital,  has  suggested  mak- 
ing numerous  burr  holes  through  the  cortex  into  the  medullary  canal  as 
the  preliminary  drainage.  This  undoubtedly  suffices  in  certain  cases. 
It  is  difficult  to  determine  the  extent  of  the  process  by  this  method,  and 
with  post-operative  Carrel-Dakin  treatment  it  is  prol)ably  more  conserva- 
tive to  remove  more  of  the  cortex  in  order  to  ol)tain  adequate  ex])Osure 
and  drainage. 

The  frequent  occurrence  of  metastatic  abscess  in  the  region  of  the 
popliteal  space,  when  the  lower  epiphysis  of  the  femur  or  upper  epi- 
physis of  the  tibia  is  infected,  has  convinced  me  that  a  primary  depend- 
ent drainage  through  the  pojditeal  space  is  in  general  advisable. 

Constant,  careful  post-operative  observation  of  these  cases  is  neces- 
sary, as  there  are  frequent  secondary  metastatic  abscesses  in  the  soft 
parts.  The  eventual  cure  of  the  patient  is  due  to  the  careful  treatment  of 
the  interne  performing  the  Carrel-Dakin  technic. 

The  Joint  infections  frequently  showing  the  ])resence  of  staphylococcus 
aureus  are  usually  amenable  to  aspiration  anrl  irrigation.  In  our  four 
cases  where  there  was  either  primary  or  immediate  joint  in\ oh cment, 
two  cleared  up  under  irrigation  and  two  joints  had  to  be  drained.  I  feel 
certain  that  in  one  of  our  early  cases  where  the  knee-joint  was  drained 
it  would  have  been  better  surgery  if  aspiration  had  been  attempted. 
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In  cases  where  septicccmia  and  bacteriemia  are  present,  it  is  neces- 
sary to  attempt  to  keep  up  the  nutrition  of  the  patient.  In  addition  to 
transfusion  we  have  found  most  advantageous  the  repeated  intravenous 
injection  of  commercial  peptone  as  advised  by  Nolf,  of  Liege.  In  one 
child  with  streptococcus  ha>molyticus  blood  infection,  at  Doctor  Pool's 
suggestion,  we  used  this  method,  with  an  immediate  drop  in  tempera- 
ture, consequent  impro\-ement  in  the  child's  general  condition,  and  within 
ten  days  the  culture  was  sterile. 

Subacute  Stage. — Before  the  days  of  wound  sterilization  the  course  of 
a  case  could  be  fairly  definitely  prophesied.  At  the  primary  operation, 
the  shaft  was  opened  wide,  frequently  curetted  and  packed.  Following 
this,  sequestration  occurred,  frequently  involving  almost  the  entire  shaft. 
As  advised  by  Nichols,  of  Boston,  the  sequestrum  was  usually  removed 
at  a  time  when  the  involucrum  was  strong  enough  to  maintain  the  shape 
of  the  limb,  and  yet  at  such  a  stage  when  the  involucrum  could  be  in- 
verted, obliterating,  as  far  as  possible,  the  "  dead  space." 

With  the  introduction  of  the  Carrel-Dakin  technic  up  to  date  clinically 
w'e  have  had  results  which  correspond  to  a  certain  degree  with  results 
found  in  our  experimental  work.  Cases  No.  IX  and  No.  X  of  this  series 
show  marked  regeneration  of  bone  which  by  either  X-ray  or  gross  ex- 
amination appeared  necrotic. 

On  account  of  limited  space  brief  summaries  of  only  three  illustra- 
tive cases  will  be  given. 

Case  I. — Girl  of  eight  years  of  age,  admitted  May  5,  1915,  with  his- 
tory of  having  fallen  and  injured  her  left  knee  four  days  previous. 
She  complained  of  severe  pain  when  she  attempted  to  walk.  Ten 
hours  after  injury  the  knee  was  considerably  swollen  and  the  child 
cried  with  pain  on  any  motion.  Examination  revealed  a  knee-joint 
markedly  red.  swollen  and  exquisitely  tender.  Active  and  passive 
motion  practically  nil.  Some  swelling  in  the  popliteal  space.  The 
knee-joint  was  at  first  operation  drained  and  a  quantity  of  pus  ob- 
tained. Later  she  developed  an  osteomyelitis  of  the  lower  end  of  the 
femur  and  several  operations  were  done,  removing  the  necrotic  bone 
and  draining  the  abscesses  in  the  soft  parts.  Following  the  fourth 
operation  she  received  a  fracture  at  the  epiphysial  line  and  marke<l 
displacement  (Figs.  13  and  14).  During  this  time  she  had  been 
extremely  ill,  with  a  very  high  temperature,  and  her  recovery  at  one 
time  was'  despaired  of.  On  leaving  the  hospital  she  had  a  shorten- 
ing of  two  and  one-half  inches,  fixation  of  the  knee-joint  and  per- 
sistent sinus.  At  the  present  time  she  still  has  a  shortening  of  two 
and  one-half  inches,  but  otherwise  is  perfectly  wi-11.  is  able  to  run. 
dance,  and  has  not  had  a  sinus  for  over  three  years. 

Comment.— This  patient,  with  a  marked  deformity  and  necrosis  of  . 
the  shaft,  attained  a  very  satisfactory  functional  result;  new  bone 
proliferating  in  such  a  manner  as  to  change  the  lines  of  force  and 
give  her  a  straight  leg. 
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Fig.  is. — Clinical  case  No.  9-    X-ray  July  .^o.  1910.    Operation  June  22.  1910. 

Removal  two  inches  of  anterior  surface  upper  third  of  tibia.      .4.  area  of  l>onc 

removed  at  primary  operation;    In,  involucrum;  .S",  separation  zcne. 

In  Case  IX  (Figs.  15  to  18),  a  girl  of  live  ycnr.^,  who  came  into 
the  hospital  with  an  acute  osteomyelitis  involving  tin-  npiJer  third 
of  the  tibia,  drainage  was  established  by  removing  the  anterior  part 
of  the  cortex  in  the  upper  third.  Later  X-ray  showed  a  marked 
rarefaction  and  apparent  sequestrum  formation  in  the  lower  third. 
As   her  temperature  w^as   approaching  normal,   and   her   condition 
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p,G    i6— Clinical  case  No.  9.    Operation  June  22,  1919.     X-ray,  August  22,  1919.    5,  former  separa- 
tion zone.    Marked  subperiosteal  proliferation.    .N'o  op:;rative  procc'lurc  has  been  performefl  on  this  area. 

quite  satisfactory,  it  was  considered  advisable  tu  delay  operation 
upon  the  lower  third.  Later  X-ray  showed  subperiosteal  bone  pro- 
liferation around  this  zone  of  separation,  and  an  X-ray  one  year 
later  showed  a  relatively  normal  aj^pearinfi;-  shaft.  At  the  present 
time  she  is  well,  without  any  sinus,  and  a])parciitly  the  process 
is  cured. 


ACUTK   H.7£MATOGEXOL'S  OSTEOMYELITIS 


Fig.     17.— Clinical   case    No.    9.     Operation  Juno    J-',   igi'J.      X-r;ij-,  «>ct. 

liferation.     No  sign  of  sequestrum. 


i<jiv,  shows   bone  pro-' 


Co;;M/;^;^^— Primary  radiographic  studies  of  tliis  patient  .showed  the 
appearance  of  rarefaction  and  sequestration  in  the  lower  third  of  the  t;bia. 
This  completely  disappeared  without  any  operative  interference. 

Case  X  (Figs.  19  to  22),  a  boy  seven  years  old,  who  elsewhere  had 
been  insufficiently  drained  for  an  acute  osteomyelitis  of  the  tibia, 
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came  into  the  hospital  extremely  ill.  with  a  temperature  of  io6°, 
marked  leucocytosis  and  prostration.  At  the  primary  operation  the 
entire  anterior  portion  of  the  cortex  of  the  tibia  was  removed.  There 
was  a  fracture  of  the  upper  third  due  to  the  complete  destruction  of 
the  bone.  Periosteum  was  separated  by  pus  from  the  greater  part 
of  the  shaft.  In  this  case  Carrel  tubes  were  inserted  posteriorly 
between  the  necrotic  shaft  and  the  periosteum.  The  shaft  appeared 
dead.  It  was  not  removed  because  it  was  thought  advisable  to 
maintain  this  portion  of  the  shaft  to  prevent  deformity.     This  was 


Fig.  20.— Clinical  case  Xo.  lo.     X-ray  February  7.  ipjo.     Operation  December 

9.  19 19.     .interior  surface  of  the  cortex  of  the  tibia  removed.     Dramage  tube 

in  popliteal  space  shown.    See  case  history. 

the  child  who  had  a  streptococcus  ha?molyticus  blood  infection  and 
was  treated  with  intravenous  injections  of  peptone.  After  about 
five  weeks,  granulations  were  seen  springing  ui)  on  the  surface  of 
the  formerly  necrotic  shaft.  X-rays  taken  two  months  after  the 
primary  operation  showed  new  bone  formation  about  and  appar- 
ently incorporating  the  remnant  of  the  old  necrotic  shaft.  At  the 
present  time  the  patient  has  a  small  discharging  sinus  in  the  upper 
third,  but  the  X-rays  showed  marked  new  bone  proliferation  with- 
out the  sign  of  any  sequestrum. 

Comment.— This  patient,  who  was  too  sick  to   stand   any   opcra- 
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Flo.  21. — Clinical  case  No.  lo.     X-ray  April   lo.  kjjd.     New  bone  proliferation  about  and  incorporat- 
ing former  dead  shaft. 


698 


ACUTE  H.^AIATOGENOUS  OSTEOMYELITIS 


K.r     ?7  — ilinical  ris'   N'(j    lo.     X-niV  Oclobor  iS,  igjo.     New  bone '••• 

tiG.   22.      ^'>n'^^' '-'r.-y-  '.•_.. ^-,„H      Patient  walking  on  le^.     I'ccU  w 


third,  otherwise  healed.     Patient  walking  ■ 
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tive  procedure,  had  a  dead  shaft  exposed  in  tlie  wound.  After 
Dakinization.  graiudation  tissue  appeared  on  the  former  necrotic 
surface.  The  bone  was  later  incorporated  and  the  new  bone  formed 
about  it. 

Whether  or  not  in  this  case  the  sequestrum  was  steriHzed  by 
the  Dakin  solution  it  is  difficult  to  state,  but  it  appears  as  if  it  were 
actini^  very  much  as  the  chemical  sequestrum  produced  by  croton 
oil  iniections  in  the  experimental  laboratory. 

Finally,  because  the  whole  problem  is  unsolved  concerning  the 
changes  which  take  place  in  bones,  seemingly  dead,  in  the  process  of 
repair,  this  is  not  a  consideration  of  biological  bone  changes.  These  state- 
ments are  observations  of  clinical  facts,  conclusions  upon  operative  find- 
ings, and  subsequent  results  of  Dakin  treatment. 

Therefore,  from  the  experience  obtained  by  these  cases  and  from  the 
!nany  animal  experiments,  I  am  convinced  that  in  the  future  in  the  treat- 
ment of  children,  we  can  be  more  conservative,  as  follows: 

First.  Adequate  drainage  should  be  obtained  with  as  little  trauma 
as  possible. 

Second.  In  cases  where  the  patient  is  clinically  progressing  favor- 
ably, bone,  which  by  X-ray  or  gross  examination  appears  dead,  may 
frequently  be  saved  to  advantage  in  order  to  prevent  deformity  and 
hasten  convalescence. 
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BONE     REPAIR     FOLLOWING     IXIURV     AND 
INFECTION  * 

FREDERIC    W.    BANCROFT,    M.D. 
Associate  Attending  Surgeon,  New  York  Hospital 

NEW   YORK 

Since  McEwen's  classical  work  on  bone  repair,  there  has  been  much 
uncertainty  in  the  minds  of  clinicians  regarding  the  process  that  occurs 
in  bone  repair  following  injury.  Whether  or  not  the  periosteum  is 
the  all-important  factor  in  osteogenesis  has  clouded  our  minds.  The 
significance  of  the  bone  cell,  of  the  periosteum,  and  the  significance  of 
intermembranous  or  of  intercartilaginous  bone  development  is  not 
known.  The  terms  after  long  usage  are  established  as  entities,  thus 
tending  to  suggest  biologic  diliferences  because  of  microscopic  difference. 
Until  the  physical  chemist  gets  at  the  root  of  things,  confusion  con- 
cerning bone  in  all  parts  of  the  body  will  exist  in  the  minds  of  labora- 
tory workers.  I  believe  when  the  real  secrets  of  bone  formation  are 
understood,  we  shall  acknowledge  that  osteogenesis  occurs  in  the  same 
manner  in  all  tissues.  The  tissues  that  are  seemingly  different  under 
the  microscope,  I  believe,  are  chemically  similar  whenever  osteogenesis 
occurs,  be  it  repair  in  a  fracture  or  repair  following  infection,  be  it  in 
periosteum,  in  muscle  planes,  in  artery  wall  or  in  the  ventricular 
septum  of  the  heart.  Stop  and  think  of  the  confusion  which  necessarily 
follow^s,  when  at  best  only  microscopic  sections  can  be  seen  of  the 
various  complex  tissues  manifesting  bone  formation  at  single  stages 
of  each  experiment.  The  physiologic  chemist  is  handicapped  in  the 
same  manner  because  his  analysis  by  necessity  is  of  a  single  stage. 
ahvays  involving  many  tissues.  In  the  human  being,  and  in  the  labora- 
tory animal  used  for  experiment,  the  tissues  are  far  too  complex  in 
their  functional  activities  and  structural  make-up  to  make  it  jiossibie 
for  the  observer  to  deduce  what  haj^pens  in  single  cells  such  as  may 
be  present  in  osteogenesis;  hence,  the  confusion  among  experimenters 
as  expressed  in  the  literature.  The  surgeon  is  too  likely  to  feel  thai  he 
does  not  know  much  about  bone  rei)air  because  he  is  .so  confused  by 
the  dififerences  of  opinion  of  the  various  experimenters.  Those  interested 
in  osteogenesis  are  as  often  as  not  disputing  over  names  and  terms 
rather  than  discussing  processes,  and  bone  formation  is  truly  a  process 
and  not  a  state. 


*  From  the  Lal)oratories  of  the   Department  of  Surgery.   Columbia   Univer- 
sity College  of  Physicians  and  Surgeons. 

*  Read  before  the  Annual  Meeting  of  the  Colorado  State  Medical  Society. 
Pueblo.  Oct.  6,  1921. 
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Pig.  1. —Early  bone  formation  following  fracture:  A,  cartilage;  B,  new 
bone;  C,  connective  tissue.  Gradual  transitions  are  observed  from  connective 
tissue  to  cartilage,  from  connective  tissue  to  bone  and  from  cartilage  to  bone. 
Xo  distinctive  cells  are  seen. 
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I'ig.    2. — Scraiiiug.^    i(.iiio\i 
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twelve  days  after  injury:  A,  fibrocartilage ;  B,  early  bone;  C,  connective  tissue. 
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Iig  3.— Ossification  occurring  in  the  mirlst  of  muscle  iibcrb,  twelve  days 
following  a  fracture  of  the  humerus  in  an  adult:  A.  ossification  occurring  in 
cartilage-   B.  earlv  hone;   C,  connective  tissue;   D.  degenerating^   muscle   fibers. 
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Fig.  4.— Callous  formation  seventeen  days  following  fracture,  showing  depo- 
sition of  calcium   salts  on   the  avascular  zones   in   early  connective  tissue. 
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Fig.  5. — Comminuted  fracture  of  radius  and  ulna  in  rabbit,  fourteen  days 
after  injury:  A,  interosseous  membrane;  H,  medullary  canal  of  radius  with 
cortex  on  either  side;  C,  new  bone  forming  in  connective  tissue  following  hem- 
orrhage around  the  fractured  ends  and  across  the  medullary  canal ;  D,  detached 
bone  fragments  surrounded  by  new  bone  formation;  /:,  medullary  canal  of  ulna. 
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Fig.  6. — High   power   inagiiilicaiioii  oi   lau.u-   ...m    i......   ,- :.   ■.:•,  Figure  5: 

A,  end  of  fractured  shaft  showing  atrophy  at  end  with  absence  of  bone  nuclei; 

B,  new  bone  formation  in  the  connective  tissue;   C.  areolar  connective  tissue 
with  newlv  formed  blood  vessels. 


Fig.  7. — Bone  transplants  four  weeks  following  operation :  A,  haversian 
canal  with  reestablishment  of  blood  supply  and  surrounded  by  one  or  two  layers 
of  active  lx»ne  nuclei;  li,  absence  of  nuclei  in  bone  distant  from  haversian  canal. 
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Fig.  8.— Transplantation  of  bone  fragments  to  till  detect  in  radius,  141  .lays 
following  operation:  A.  nlna :  B.  radius;  C  bone  fragment:  nuclei  do  not  stam ; 
areas  of   rarefaction  near  periphery:   D,  new  bone    formation  about   periphery 

of   fragments:  E,  cartilage  forming   false  joint. 
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Fig.  9. — 'I  .u...  ;,..-;. lation  of  bone  fragments  to  lill  ikiccl  in  radius,  347  days 
following  operation:  A,  ulna;  B,  radius;  C,  beginning  formation  of  medullary 
canal.  The  entire  zone  shown  in  the  illustration  is  the  area  in  which  the 
transplants  were  placed.  It  is  no  longer  possible  to  detect  the  fragments ;  but 
a  new  corte.x  and  medullary  canal  arc  being  established  by  the  gradual  absorp- 
tion of  the  fragments  and  the  formation  of  new  bone. 
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In  order  to  liave  satisfactory  therapeutic  results,  it  is  advisable  to 
accept  some  practical  working  theory  that  will  cover  all  types  of  bone 
formation.  This  theory  should  be  broad  enough  not  only  to  cover 
the  skeletal  bone  formation  but  also  the  extraskeletal  bone  formation 


Fig.  10. — Circulation  of  infant's  tibia  and  fibula  (after  Lexer.)  :  A,  nutrient 
artery;  B,  metaphyseal  capsular  artery;  C,  relative  avascular  zone,  where  seques- 
trum  separation   usually  occurs. 


that  occurs  in  so  many  places  in  the  body.  Extraskeletal  bone  forma- 
tion occurs  in  one  or  more  tissues  in  all  of  us  if  we  live  long  enough, 
and  it  may  be  produced  experimentally  in  animals  without  difficulty. 
Extraskeletal  bone  occurs  frequently  in  man  in  the  arterial  wall  and 


12 

in  the  muscles.  It  lias  been  described  as  ha\  iti<^  been  lounJ  in  nearly 
all  of  the  tissues  of  the  body,  such  as  the  lymph  nodes,  ovaries,  kidneys, 
fascial  planes  and  wall  of  the  orbii. 

Experimentally,  bone  has  been  produced  in  animals  by  ligating  the 
vessels  of  the  kidney  and  wrapping  the  omentum  about  it.  Microscopic 
sections  of  this  kidney  from  one  to  two  months  later  show  areas  of 
true  bone   and   calcification  occurring  in   the   parenchyma.      NeuholT, 


Fig.  11. — Roentgenogram  of  humerus,  Nov.  3,  1919.  Croton  oil  was  inserted 
into  the  medullary  canal  in  capillary  tube  containers,  Oct.  10,  1919 :  SQ, 
sequestrum;  In,  involucrum;  S,  separation  zone. 


working  in  the  labfjratory  of  surgical  research  at  Columbia  University, 
found  bone  almost  universally  in  fascia  lata  transplants  tliat  he  had 
made  to  fill  a  defect  in  the  bladder.  y\ny  theory,  therefore,  tliat  we 
may  accept  should  \>c  broad  enough  to  explain  these  irregular  types  of 
bone  formation  as  well  as  the  repair  of  bone  following  fractures  and 
infection.  We  may.  for  the  sake  of  discussion,  classify  the  theorie.; 
of  bone  repair  roughly  into  three  groups:  (\)  periosteal;  (2)  osteo- 
blastic, and  (3)  extracellular  deposition  of  calcium  salts. 
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1.  The  periosteal  theory  presupposes  that  the  periosteum  and 
endosteum  are  definite  organs  for  bone  formation  and  repair,  and  that 
the  bone  cells  arise  from  them  and  from  no  other  source. 

2.  The  osteoblastic  theory  may  be  divided  into  two  subtitles. 

Type  A.  This  assumes  that  in  bone  repair  following  injury  bone 
cells  are  liberated  from  their  lacunae  and  that  they  reproduce  and  form 
new  bone. 


Fig_    12. — Cross-section    showing   massive    seqnestrum    e.xtcnilini;    almost    tlie 
entire  length  of  the  shaft;  SQ,  sequestrum:  /».  invohicrum;  .S".  separation  zone. 


Type  B.  This  assumes  that  following  injury  wandcrinjj;  conneciive 
tissue  cells,  fibroblasts,  are  drawn  into  the  area  of  trauma.  Owing  to 
the  stimulus  of  the  repair,  tliey  are  transformed  into  bone  i)roducin,<j: 
cells  and  then  become  sjjecific  cells. 

3.  The  extracellular  deposition  of  calcium  salts  theory  assumes  that 
there  is  no  definite  bone  i)ro(lucing  cell;  tliat  followin<,r  injury,  jMissibly 
by  positive  chemotaxis,  calcium  salts  in  the  projiortions  u-ually  found 
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Fig.  13. — Microscopic  section:  Sq,  sequestrum;  In,  involucrum  ;  .V,  separation 
zone.  Under  high  power  magnification  the  hone  nuclei  in  the  sequestrum  are 
absent  and  the  zones  in  the  medullary  canal  are  filled  with  leukocytes.  The 
separation  zone  S  contains  debris  and  numerous  polymorphonuclear  leukocytes. 
In  the  lower  separation  zone  .S",  debris  disappeared  durin^^  the  process  of 
decalcification. 
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in  bone  are  deposited  in  the  extracellular  frame- work  of  connective 
tissue  and  that  the  connective  tissue  cell  then  becomes  a  bone  cell  by 
functional  adaptation. 

Any  one  of  these  three  theories  may  explain  the  ordinary  repair  of 
bone  as  seen  in  fractures;  but  it  is  difficult  to  explain  under  the  peri- 
osteal theory  the  formation  of  extraskeletal  bone. 

The  bone  in  fascia  lata  transplants  in  the  bladder  found  by  Neuhoff 
cannot  be  explained  by  the  periosteal  theory,  and  it  is  difficult  to  explain 


Fig,  14, — Following  insertion  of  capillary  tube  containing  croton  oil.  in 
medullary  canal,  Sept.  21,  1920.  Roentgen  ray.  Large  sequestrum  in  upper 
half  of  humerus,  Oct.  15,  1920. 


it  if  we  assume  that  the  osteoblast  is  a  specific  cell  coming  from  other 
bone  cells.  Moreover,  it  is  impossible  to  explain  the  formation  of  bone 
in  the  arteries  of  human  beings,  in  the  lymph  nodes  or  in  the  kidney 
by  either  of  these  theories. 

If  we  assume  that  bone  is  formed  by  metaplasia  of  connective  tissue 
cells  into  osteogenetic  cells  or  if  we  assume  that  it  is  purely  a  chemical 
deposition  in  living  connective  tissue,  we  may  explain  the  phenomenon 
very  easily. 
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The  third  theory  has  seemed  more  plausible  to  nie.  Gideon  Wells 
has  shown  that  if  cartilage  is  transplanted  into  the  omentum  it  has  a 
greater  power  of  absorbing  calcium  from  the  blood  than  has  any  other 
tissue  similarly  placed.  He  believes  that  the  same  proportions  of 
calcium  phosphate  and  calcium  carbonate  are  present  in  the  ash  of 
calcified  material  as  bone,  the  main  difference  being  that  calcification 
occurs  in  dead  tissue  while  ossification  occurs  in  the  presence  of  living 
tissue.     In  sections  of  kidneys  in  which  the  vessels  have  been  ligated, 


Fig.  15. — Cross-section   showiiij^   massive   sequestrum,   with   thick   involucrum 
and  zone  of  separation:  SQ,  sequestrum;  lu,  involucrum;  S,  zone  of  separation. 


there  are  zones  of  calcification  and  ossification,  the  calcification  occurring 
in  dead  tissue  and  ossification  occurring  where  living  bone  cells  are 
observed. 

The  simplest  ty[>e  of  bone  repair  is  seen  following  fractures.  In  a 
series  of  fractures  on  animals,  I  have  been  able  to  follow  the  repair 
at  various  stages.  Immediately  following  the  fractures,  there  is  hemor- 
rhage between   the  broken   ends.     Fibrin   is   then  deposited   and   con- 
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traction  of  the  clot  occurs.  In  from  about  tive  to  ten  days  the 
organization  of  the  clot  by  the  ingrowth  of  connective  tissue  occurs. 
Connective  tissue  appears  to  take  a  definite  lobulated  arrangement,  so 
that  if  we  look  at  a  cut  section,  we  find  blood  vessels  and  then  areas 
of  thin  areolar  connective  tissue  (Figs.  1  to  4). 

Calcium  salts  are  then  deposited  in  the  avascular  zones  between  the 
blood  vessels.     Early  callus  looks  very  much  like  the  lobules  of  the 


Fig.  16. — Lower  power  magnitication  of  terminal  portion  of  sequestrum  with 
surrounding  involucrum :  A,  sequestrum ;  B.  granulation  tissue ;  C,  involucrum ; 
D,  terminal   spicule  of   sequestrum   shown  under  liigh  power  in   Figure  17. 


liver.  At  first  the  blood  vessels  appear  ak)ut  this  area  of  areolar  tissue 
and  then  an  area  of  new  bone  ai)pears.  At  a  later  period,  the  areolar 
zone  is  almost  completely  replaced  by  osteogenetic  tissue.  This  process 
continues  until  there  is  a  definite  haversian  canal  system  of  adult  bone. 
In  the  zones  of  exuberant  callous  formation,  absorption  of  the  calcium 
salts  takes  place  and  scar  tissue  results.  Bone  atrophy  occurs  almost 
universally  near  tlie  fractured  ends.  A  great  number  of  nuclei  of  the 
bone  cells  in  the  lacunae  disappear. 
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Pig_  17.— Terminal  portion  of  sequestrum  showing  new  bone  formation  about 
it,  and  gradual  reorganization:  A,  dead  bone,  cell  spaces  are  empty  showing  no 
nuclear  stain;  B,  newly  formed  bone  surrounding  and  incorporating  dead  bone. 
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As  the  granulation  tissue  springs  from  tlie  perii)hery  and  the  new 
blood  vessels  run  at  right  angles  to  the  shaft,  the  haversian  canals  as 
seen  by  microscopic  examination  from  three  to  five  months  following 
fracture,  are  perpendicular  to  the  normal  haversian  canals  of  the  shaft. 
At  the  end  of  a  year,  however,  by  a  gradual  process  of  absorption  and 
new  formation,  canals  are  reestablished  in  a  normal  direction.  Peri- 
osteum,  as  it   is   a   connective  tissue  and  as   it  has  an  areolar   laver 


Fig.  18.— Large  sequestrum,  Nov.  10,  1919.  with  well  marked  invulucrum  and 
separation  zone:  /;/.  involucrum:  St],  sequestrum:  operation  performed,  Oct. 
10,  1919. 

immediately  adjacent  to  the  shaft,  undoubtedly  serves  as  a  bone  form- 
ino-  membrane;  but  it  is  not  the  only  connective  tissue  which  may  form 
bone  (Figs.  5  and  6). 

The  study  of  bone  grafts  shows  strikingly  why  the  clinician  and  the 
laboratory  worker  have  differed  in  their  accounts  of  the  after-history 

of  the  graft. 

The  clinician  has  usually  stated  that  grafts  "live."  because  if  occasion 
should  arise   demanding   the   performance   of   a    secondary   operation, 
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he  rinds  that  the  cut  section  o\  the  grat'i  bleeds  and  that  it  has  the 
general  apj^arance  oi  hving  hone.  Roentgenograms  also  show  the 
graft  appearing  as  normal  bone. 

The  laboratory-  worker  on  microscopic  cxainiiiaiion  tinds  thai  in 
grafts  of  one  to  two  weeks'  duration  the  nuclei  do  not  stain  and  the 
bone  appears  dead.  Microscopic  examination  at  a  later  period  reveals 
the  blood  vessels  reestablished  in  the  haversian  canals,  and  about  them 
one  or  two  layers   of  living  bone  cells,    while   ])oriions  of   the  graft 


Fig.  19. — Sequestrum   and   involucrum,   Dec.   ],    1919,   less   marked    than    pre- 
viously :   In,  involucrum ;   Sq,  sequestrum. 


further  from  the  canals  show  the  absence  of  nuclei  (Fig.  7).  The 
process  then  continues  as  a  gradual  abxirjjiion  of  the  dead  bone  and 
the  formation  of  new  bone  in  its  place.  It  is  easy  to  see  that  the  bone 
at  this  period  would  bleed  on  section  and  would  aj^pear  alive  clinically. 
In  order  to  have  a  successful  graft,  three  conditions  must  be 
established:  First,  the  graft  must  maintain  the  shape  of  the  limb; 
second,  it  must  have  its  blood  supply  quickly  reestablished  and,  third, 
it  must  stimulate  osteogenesis  in  the  neighboring  tissues. 
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]Mc\\'illiams,  in  a  thorough  analysis  of  the  various  methods  of  bone 
grafting-,  read  before  the  American  Surgical  Association  at  Toronto 
in  June,  1921,  came  to  the  conclusion  that  the  presence  of  peri- 
osteum upon  the  graft  had  very  little  influence  upon  its  ultimate 
success.  He  analyzed  about  1,390  cases  in  which  grafts  had  been  used. 
Of  these,  1,170.  with  82.9  per  cer.t.  of  successes,  had  periosteum,  while 
196,   with  82.6  per  cent,  of   successes,   were  without  jieriosteum.      In 


Fig.  20.— Roentgenogram,  Jan.  15,  192U;  no  involucruni  or  .<.cquestriim  seen. 


analvzing  tlie  types  of  transplants,  he  found  that  the  successes  were 
relativelv  as  follows:  bone  pegs.  95.8  per  cent.;  osteoperiosteal  (Oilier. 
DeLangeniere),  87.3  per  cent.;  end-to-end  (without  inlay).  S2.S  per 
cent.;  inlay,  80.9  per  cent.,  and  intramedullary.  76.(>  per  cent. 

If  we  study  these,  we  hnd  that  probably  the  three  points  empha- 
sized for  the  .success  of  bone  grafts  e.xplain  the  relative  success  of  the 
foregoing  methods. 


22 

Bone  pegs  are  siirrouiuled  coniplotcly  liy  Iioik'  and  very  quickly 
have  iheir  blood  supiply  reestablished. 

The  osteoperiosteal  grafts  of  DeLangeniere  are  thin  strips  of  l)one 
and  periosteum  which  are  laid  down  between  the  ends  of  the  bone. 
If  thev  are  sufficient  to  maintain  the  shape  of  the  limb,  theoretically 
thev  are  the  most  practical,  for  the  blood  supply  is  very  quickly  estab- 
lished. They  offer  a  large  surface  of  raw  bone  to  stimulate  osteo- 
genesis. 


Fig.  21. — Cut-section,  Jan.  24,  1920:  In,  subperiosteal  hone  proliferation;  A, 
probable  remnants  of  old  sequestrum   but  no   separation   zone. 


The  inlay  graft  is,  as  a  rule,  rather  thick  and  does  not  offer  so 
much  surface  of  raw  bone  for  stimulation  of  osteogenesis.  The  late 
fractures  that  occur  in  these  cases  are  probably  due  to  the  slow 
reestablishment  of  the  blood  supply  and  the  resulting  atrophy  of  the 
transplant. 

1  am  inclined  to  believe  that  the  intramedullary  graft  should  be 
condemned.  We  know  that  the  main  blood  supply  of  the  shaft  of  the 
long  bone  is  from  the  nutrient  artery.     In  applying  an  intramedullary 


graft,  we  destroy  the  blood  supply  of  both  fractured  ends  of  the  shaft 
and  undoubtedly  a  longer  time  is  required  for  repair  on  account  of  this 
to  reestablish  the  blood  supply  of  the  graft. 

In  a  series  of  experiments  lasting  over  two  or  three  years,  I  trans- 
planted small  bone  fragments  into  a  defect  of  from  1  to  2  inches 
(2.5  to  5  cm.)  in  the  radii  of  dogs.  Microscopic  studies  made  at 
various  intervals  after  operation  showed,  in  the  early  stages,  absence  of 
the  nuclei  in  all  these  grafts.     There  was.  however,  marked  production 


Fig.  22. Microscopic    section    showing   subperiosteal    bone    proliferation,   no 

zone  of  separation:  A,  spaces  in  which  capillary  tubes  lay;  /^.  artefact  occurring 
during  decalcification. 

of  new  bone  about  them  in  the  granulation  tissue  produced  immediately 
after  operation.     Firm  union  was  the  ultimate  result  in  nearly  all  of 

these  cases. 

At  the  end  of  about  a  month,  blood  vessels  were  seen  in  the  haversian 
canals  of  the  fragments,  and  about  each  of  these  canals  were  seen 
two  of  three  layers  of  bone  cells  with  active  nuclei.  I  believe  that 
these  grafts  act  in  a  manner  similar  to  the  osteoperiosteal  grafts  of 
DeLangeniere  (Figs.  8  and  9). 
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OSTEOMYELITIS 


At  the  present  time,  when  radicalism  is  necessary  in  ilic  ircatmcnl  of 
chronic  osteomyeHtis  in  adults.  1  belie\e  a  word  oi  c,iutii>n  >h(nild  be 
spoken  with  regard  to  the  treatment  of  hcmattincnuiis  osteomyelitis  in 
children. 


Fig.  23  (Case  It. — Roentgenogram,  taken  Jul\'  .30,  1919;  oijcration  per- 
formed June  22,  1919,  consisting  of  removal  of  2  inches  (5  cm.)  of  anterior 
surface  of  the  upper  third  of  the  tihia:  A,  area  of  bone  removed  at  primary 
operation;  hi,  involucrum  ;  .S",  separation  zone. 

The  treatment  of  acute  ostccjmyelili.s  in  children  may  jjrtjperly  be 
divided  into  the  treatment  at  the  acute,  and  treatment  at  the  subacute, 
stage.  The  i>rimary  indication  for  operation  at  the  onset  is  the  relief  of 
pus  under   pressure,  and   ns   surh,   if    requires   the  application   of   the 
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same  surgical  principles  as  pus  collections  elsewhere  in  the  body,  that 
is,  adequate  drainage,  with  the  least  possible  trauma  and  with  careful 
attention  to  the  blood  supply.  If  one  considers  that  frequently  peri- 
osteum with  its  blood  supply  has  been  stripped  from  the  shaft  by  the 
exudation  of  pus  and  that  the  only  remaining  blood  supply  to  the  shaft 
is  through  the  nutrient  artery,  one  realizes  the  danger  to  the  entire 
shaft  of  too  active  treatment  by  curettage  or  packing  (Fig.  10). 


Fig.  24  (Case  1). — Operation,  June  11.  1919;  roentgenoj'ram  taken  .Aug. 
22,  1919:  S,  former  separation  zone;  marked  subperiosteal  proliferation.  No 
operative  procedure  has  been  performed  on   this  area. 

It  is  true  that  in  the  region  of  the  metaphysis,  the  bony  septums 
somewhat  reseinble  the  septums  of  the  mastoid,  and  that,  therefore, 
in  this  region  it  may  be  necessary  to  break  up  the  compartments  of 
the  abscess.  Care  should  be  taken  even  here  not  to  traumatize  any 
more  than  possible. 
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Constant,  careful  postoperative  observation  of  these  cases  is  neces- 
sar\-,  as  there  are  frequent  secondary  metastatic  abscesses  in  the  soft 
parts. 

Subacute  Stage. — Before  the  days  of  wound  sieriHzation,  tlie  course 
of  a  case  could  be  fairly  detinitely  prophesied.  At  the  primary  opera- 
tion, the  shaft  was  opened  wide,  frequently  curetted  and  packed. 
Following  this,  sequestration  occurred,  freciuently  involvino  ahnost  the 
entire  shaft.     As  advised  by  Nichols,  of  Boston,  the  sequestrum  was 


i-ig.  i5  (Lase  I). — Operation.  June  22,  1919;  roentgenogram  taken,  Nov.  24, 
1920;  no  sinus;   patient  aiiiiarently   well. 

usually  removed  at  a  time  when  the  involucrum  was  strong  enijugh  to 
maintain  the  .shape  of  the  limb,  and  yet,  at  such  a  stage  when  the 
involucrum  could  be  inverted,  obliterating,  as  far  as  possible,  the  "dead 
space." 

In  1919,  I  attempted  to  reproduce  osteomyelitis  in  dogs  before  the 
students  of  the  third-year  course  in  regional  surgery  at  Columbia.  At 
the  suggestion  of  Dr.  William  C.  Clarke  of  the  rlepartment  of  surgery, 
through  a  drill  hole  in  the  cortex  of  the  medullary  canal  of  the  humerus. 


27 

croton  oil  was  introduced  in  glass  capillary  tube  containers  havin-  their 
ends  sealed  with  agar-agar.  The  hole  in  the  cortex  was  then  pegged 
with  bone  wax,  and  the  soft  parts  and  the  skin  were  sutured.  By  this 
procedure,  repair  following  the  operative  trauma  was  allowed  to 
progress  before  the  croton  oil  was  liberated  from  the  capillarv  tube 
probably  by  the  solvent  action  of  the  cells  and  body  fluids  upon  the 
agar-agar.  As  croton  oil  causes  marked  necrosis  of  the  surroundin^r 
bone,  we  were  able  to  produce  a  chemical  osteomyelitis.    A  sequestrunT 


Fig.  26   (Case  2).— Roentgenogram  taken.  Dec.  8,   1919,  previous  to  opera- 
tion: Sq,  sequestrum;   /;;,  involucrum  ;  S,  separation  zone. 

often  from  5  to  10  cm.  in  length,  and  including  the  entire  circumference 
of  the  shaft,  frequently  occurred  (Figs.  11  to  17).  This  .sequestrum 
was  separated  from  a  newly  formed  involucrum  bv  a  zone  of  debris 
and  leukocytes;  therefore,  all  the  factors  of  an  acute  osteomvelitis  were 
present  with  the  exception  probably  of  bacteria  and  their  bv-products. 
Sections  showed  the  sequestrum  with  an  involucrum  >urroun(ling  it  but 
separated  from  it  by  a  zone  of  pus.  The  cortical  lione  of  sequestrum 
showed  absence  of  nuclei,  and  throughout  its  cancellous  portion  there 
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was  a  marked  inhltration  of  leukocytes.     The  invulucruni  consisted  of 
newly  formed  subperiosteal  bone. 

In  the  prolonged  animal  experiments  roentgenologic  studies  showed 
the  gradual  disappearance  of  the  sequestrum  so  that  at  the  end  of  two 
months  it  was  impossible  to  detect  its  former  outlines  by  the  roentgen 
rav  (Figs.  IS  to  22).  Microscopic  sections  taken  at  this  time  showed 
the  disappearance  of  the  zone  of  separation;  and  the  former  seques- 
tnmi  was  then  united  to  the  living  hone  by  blood  vessels  entering  the 


Fig.  27  (Case  2). — Roentgenogram  taken,  Feb.  7,  1920;  operation,  Dec. 
9,  1919;  anterior  surface  of  the  cortex  of  the  tibia  removed;  drainage  tube  in 
popliteal  space  shown. 


haversian  canals.  The  prf)cess  was  similar  to  that  found  in  any  bone 
transplant,  gradual  absorption  and  deposition  of  new  bone  occurring 
throughout  the  haversian  canals  until  all  the  dearl  bone  had  been 
replaced. 

I  have  emphasized  these  facts  because  I  believe  they  have  a  definite 
influence  on  human  surgery.  I  shall  show  in  the  study  of  clinical  cases 
that  in  children  bone  tissues  that  are  ajjiiarently  dearl  can  be  saved,  to 
advantage. 


29 

Since  the  introduction  of  the  Carrel-Uakin  technic,  we  have  had 
results  on  Dr.  Pool's  service  at  the  New  York  Hospital  which  corre- 
spond to  a  certain  degree  wnth  results  found  in  our  experimental  work. 
The  following  two  cases  show  marked  regeneration  of  1x>ne  which  on 
either  roentgen-ray  or  gross  examination  appeared  necrotic. 


Fig.  28  (Case  2). — Roentgenogram  taken.  .April  Hi,  1920;  new  bone  pro- 
liferation about  and  incorporating  former  dead  sliaft. 

On  account  of  limited  time,  brief  summaries  of  only  two  illustrative 
cases  w'ill  be  given. 

RKPORT     OF     C.VSF.S 

C'\SE  1  (Figs.  23,  24  and  25).— .A  girl,  aged  5  years,  came  into  tlu-  hos- 
pital with  an  acute  osteomyelitis  involving  the  upper  third  of  the  tibia.  Drain- 
age was  established  by  removing  the  anterior  part  of  the  cortex  in  the  upper 
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third.  Later,  the  roentgen  ray  rovcalcil  a  iiiarkcd  rarct'aotion  and  aiM'^nrnt 
sequestrum  lorniation  in  the  lower  lliird.  As  the  tciniieratnro  was  approacli- 
ing  normal,  and  her  condition  was  quite  satisfactory,  it  was  considered  advis- 
able to  delay  operation  on  the  lower  third.  Later  the  roentgen  ray  revealed 
subperiosteal  l>one  proliferation  around  this  zone  of  separation,  and  a  roent- 
genogram one  year  later  revealed  a  relatively  normal  appearing  shaft.  At  tlie 
present  time,  she  is  well.  "i-i'..Mr  any  sinus,  and  apparently  the  process  is  cured. 


Fig.  29    (Case  2). —  koeiitgeiiogram    taken,   Oct.    18,    1920;    new   bone    for- 
mation ;  wound  healed ;  patient  walking  on  leg ;   feels  well. 


Comment. — Primary  roentgenographic  studies  of  this  iinticnt  disclosed  tlie 
appearance  of  rarefaction  and  sequestration  in  the  lower  third  of  tlie  tibia  This 
completely   disappeared   without    any   operative   interference. 

Case  2  (Figs.  26  to  29;. — A  boy,  aged  7  years,  in  whom  the  tibia  had  been 
insufficiently  drained,  elsewhere,  for  an  acute  osteomyelitis,  came  into  the 
hospital  extremely  ill.  with  a  temperature  of  106  F.,  marked  leukocytosis  and 
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prostration.  At  the  primary  operation,  the  entire  anterior  portion  of  the 
cortex  of  the  tibia  was  removed.  There  was  a  fracture  of  the  upper  third 
due  to  the  complete  destruction  of  the  bone.  Periosteum  was  separated  by 
pus  from  the  greater  part  of  the  shaft.  In  this  case  Carrel  tubes  were  inserted 
posteriorly  between  the  necrotic  shaft  and  the  periosteum.  The  shaft  appeared 
dead.  It  was  not  removed  because  it  was  thought  advisable  to  maintain  this 
portion  of  the  shaft  to  prevent  deformity.  After  about  five  weeks,  granula- 
tions were  seen  springing  up  on  the  surface  of  the  formerly  necrotic  shaft. 
Roentgenograms  taken  two  months  after  the  primary  operation  showed  new 
bone  formation  about,  and  apparently  incorporating,  the  remnant  of  the  old 
necrotic  shaft.  At  the  present  time,  the  patient  has  no  sinus  and  the  roentgen 
ray  revealed  marked  new  bone  proliferation  without  the  sign  of  any  sequestrum. 
Comment. — This  patient,  who  was  too  sick  to  stand  any  operative  procedure, 
had  a  dead  shaft  exposed  in  the  wound.  After  Dakinization,  granulation  tissue 
appeared  on  the  former  necrotic  surface.  The  bone  was  later  incorporated  and 
the  new  bone  formed  about  it.  Whether  or  not  in  this  case  the  sequestrum 
was  sterilized  by  the  Dakin  solution,  it  is  difficult  to  state;  but  it  appears  that 
it  acted  very  much  as  did  the  chemical  sequestrum  produced  by  croton  oil  injec- 
tions in  the  experimental   laboratory. 

CONCLUSIONS 

From  the  experience  obtained  with  these  ca.ses  and  from  the  many 
animal  experiments,  I  am  convinced  tliat,  in  the  fntiire  in  the  treatment 
of  children,  we  can  be  more  conservative. 

First,  adequate  drainage  should  be  obtained  with  as  little  trauma  as 
possible.  Second,  in  cases  in  which  the  patient  is  clinically  progressing 
favorably,  bone,  which  by  roentgen-ray  or  gross  examination,  appears 
dead,  may  frequently  be  saved  to  advantage  in  order  to  prevent 
deformity  and  hasten  convalescence. 

Finally.  I  believe  that  in  the  past  we  have  made  bone  repair  appear 
much  too  complex.  We  have  been  lost  in  the  by-ways  t)f  periostetim, 
endosteuiu  and  bone  reticuhmi.  it  is  iinich  simpler  to  believe  that  bone 
occurs  as  a  chemical  deposition  in  connective  tissue.  Such  a  theory 
allows  for  bone  formation  as  it  appears  in  all  parts  of  the  body. 

In  bone  transplants,  we  must  assume  that  the  transplant  per  se 
does  not  live  but  that  it  acts  as  a  framework  for  new  bone  and  stimu- 
lates osteogenesis.  We  inust,  therefore,  apply  grafts  that  can  easily 
have  a  blood  supply  established,  and  have  sufticietit  free  surface  to 
stimulate  bone  production. 

In  the  treatment  of  fractures,  care  must  be  taken  to  increa.se  the 
blood  supply.  This  is  more  important  than  immobilization  tliat  con- 
stricts the  limb.     Karly  moti(Hi  favors  tmion  for  this  reason. 

What  we  are  apparently  doing  when  a  bone  graft  is  made  or  when 
extraskeletal  bone  occurs  in  an  experiment  is  producing  the  right 
chemical  state.    Then  the  process  of  bone  formation  inevitably  follows. 


Until  the  physical  chemist  tells  us  more  of  the  iniricacics  of  the 
chemistry  of  the  tissues,  the  practical  surgeon  shouUl  stutly  the  circum- 
stances of  bone  production,  that  is,  what  factors  promote  its  formation. 
He  should  not  let  the  disputes  of  the  various  expcrinuiuers  over  terms, 
or  the  question  as  to  whether  this  or  that  tis^ue  proiluces  bone,  confuse 
the  issue.  The  issue  requires  that  the  patients  be  cured,  following 
injury  or  infection  of  the  bony  structures. 

100   East    Sixtv-Sixth    Street. 
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THE     FATE     OF     NECROSED     BONI<      IN 
CHRONIC     OSTEOMYELITIS  * 


FREDERIC    W.     BANCROFT,    M.D. 

XEW     YORK 


In  the  treatment  of  an}'  acnte  case  of  osteomvelitis, 
the  drainage  of  the  abscess  is  paranionnt.  subsequently 
the  sequestrum  and  the  resulting  dead  spaces  nuist  be 
considered. 

In  children,  clinical  results  have  shown  that  bone, 
apparently  dead,  may  be  utilized,  possibly  as  a  scaffold- 
ing for  the  formation  of  new  bone,  and  that  revascu- 
larization occurs,  so  that  the  sequestrum  frequently 
acts  in  a  manner  similar  to  that  of  the  bone  graft. 
There  is  then  no  dead  space  to  prevent  final  healing. 
In  adults,  however,  we  have  been  unal)le  to  discover 
any  method  by  which  this  dead  bone  may  be  sterilized ; 
and,  moreover,  the  surrounding  bone  becomes  so 
sclerosed  that  repair  ceases.  Therefore,  the  sequestrum 
in  adults  must  be  removed  with  sub.sequent  closure  of 
the  dead  space. 

In  attempting  lo  leach  the  pathology  and  ireatmeni 
of  osteomyelitis  to  the  third  year  class  in  regional 
surgery  at  Columbia  University,  two  types  of  exjjeri- 
ments  on  dogs  were  performed.  First,  a  chemical 
necrosis  of  bone  oi  iimssc  was  produced,'  which 
showed  the  reaction  of  the  surrounding  tissues  and  the 
formation  of  an  involucruni ;  second,  staphylococci 
were  injected  in  the  medullary  canal  producing  infected 
necrosis  of  bone. 

The  first  type  of  experiment  was  produced  by  intro- 
ducing, through  a  burr  hole  into  the  medullary  canal 
of  the  humerus,  a  minute  amount  of  croton  oil  con- 
tained in  a  glass  capillary  tube,  the  ends  of  which  were 
sealed  with  agar-agar.  The  hole  in  the  cortex  was 
then  plugged  with  bone  wax.  and  the  muscles  and  skin 
sutured.  As  it  took  some  time  for  the  croton  oil  to  be 
liberated  by  the  solvent  action  of  body  fluids  and  cells. 

*  From  the  Laboratories  of  Surgery,  Columbia   University. 
1.   Suggested  by  Dr.   William   C.  Clarke. 
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Fig.  1. — Diagrammatic  plan  nf  the  first  type  »l  experiment:  above,  capillary 
tube;  center,  insertion  of  capillary  tube  into  the  medullary  canal  through  a 
burr  hole  in  the  cortex;  below,  after  liberation  of  croton  oil,  showing  seques- 
tration of  entire  circumference  of  shaft:  S.  separation  zone;  In.  invoUicrum, 
and  Sg,  Rcquestrum. 


Fig.  2.— Oct.  10,  1919,  capillary  tube  containing  crolon  oil  was  inserted 
in  the  medullary  canal.  The  aninuil  was  killed  Nov.  3,  1919:  Sq.  seques- 
trum; In,  involucruni,  and  S,  separation  zone.  Figures  J.  3  anil  4  are 
of  the  same  case. 


Fig.    3. — Cross-section,    showing    massive    sequestrum    extending    almost    the 
entire  length   of   shaft;    Sq,   sequestrum;    In,    involucrum;    S.    separation   zone. 


Fig    4.— Microscopic  section;  in   the  lower  zone  of  separation,  necrotic  debris  <li  sap  pen  red 
during   decalcification:     Sq,    sequestrum;    hi.    involucrum;    i".    separation    zone. 


repair  had  taken  place  to  a  certain  iK',i;ree.  At  the  end 
of  from  two  to  three  weeks,  massive  seqnestrums, 
usuallv  of  the  entire  circumference  of  the  shaft  and 
varvintj  in  leng^th  from  2  to  7  cm.,  occurred.  Sur- 
rounding the  seiiuestrums.  as  seen  hy  the  roent,<j:en  ray, 
was  an  area  of  sejiaration  and  ahoiit  this  a  very  well 
develoi)cd  involucrum  had  formed  ( 1' ig'^-  1  ^o  S). 

On  longitudinal  section  could  he  seen  the  sequestrum, 
appearing  as  dead  hone,  surrounded  hy  an  extensive 
involucrum.  with  a  well  marked  area  of  sei)aration. 
Microscopic  sections  showed  ahsence  of  nuclei  in  the 
cancellous  and  cortical  hone  of  the  sequestrum,  many 
polvnuclear  and  mononuclear  cell>,  in  the  zone  of 
separation  and  through  the  iiiler.slices  of  the 
sequestrum,  and  marked  suhperiosteal  new  hone  forma- 
tion of  the  involucrum.  We  have  here  a  typical  pic- 
ture of  osteomyelitis.  exce])t  that  hacteria  and  their 
hy-products  are  ])rohal)ly  al)sent. 

In  the  animals  that  were  allowed  to  live,  the  roent- 
genograms showed  a  gradual  disa[)pearance  of  the  out- 
lines of  the  sequestrum  so  that  at  the  end  of  ahout  four 
months,  it  was  impossible  to  detect  its  former  outlines. 
Sections  taken  at  this  time  show  neither  grossly  nor 
microscopically  any  separation  zone,  and  apparently 
revascularization  of  the  se(|Uestrum  has  taken  place 
(Figs.  9  to  13). 

In  the  second  type  of  ex])eriment.  we  attempted  to 
produce  osteomyelitis  hy  inserting,  through  a  hurr  hole 
in  the  humerus,  a  piece  of  gauze  soaked  with  bouillon 
culture  of  Staf^liylcocciis  aureus  isolated  from  a  case 
of  human  osteomyelitis,  and  then  transmitted  through 
dogs  and  isolated  from  the  blood  stream.  One  of  the 
animals  in  which  osteomyelitis  was  produced  lived  for 
two  months  with  a  sinus  discharging  pus.  He 
devclf)ped  a  cortical  sequestrum  which  was  clearly 
revealed  by  the  roentgen  ray.  Gross  section  of  this 
humerus  showed  a  cortical  se(|uestrum  surrounded  hy 
an  area  of  infected  granulation  tissue,  an  attempted 
walling  off  of  the  medullary  canal  by  new  bone  pro- 
liferatirjn,  marked  rarefaction  of  the  cortex  on  the 
opposite  side  of  the  shaft,  with  very  marked  sub- 
periosteal bf>ne  pnjduction  (Figs.  19  to  21). 

Microscopic  sections  of  the  rarefied  cortex  revealed 
absence  of  nuclei  of  the  cortex,  with  new  subperiosteal 
bone  attached  to  this  necrotic  bone. 


Fig.  5. — Sept.  21,1920,  capillary  tube  containing  crotoii  oil  was  inserted 
in  medullary  canal;  roentgenogram  taken  Oct.  15,  1920,  shows  larRC 
sequestrum  involving  half  of  humerus:  Sq.  sequestrum;  In.  involucrum; 
,S",   separation   zone.     Figures  5,  6,   7  and  8  are  of  the  same  case. 


Fig.  6. — Cross-section  nliuwing  massive  s:.'questrum  with  thick  involu- 
crum  and  zone  of  separation:  Sq,  sequestrum;  In,  involucrum;  S,  sep- 
aration  zone. 


Fig  7 Lower  power  view  of  terminal  portion  of  sequestrum  with  sur- 
rounding involucrum:  A,  sequestrum;  B.  granulation  tissue;  C,  involucrum; 
D,   terminal   spicule  of   sequestrum   shown    under    high   power   in    l-igurc  ». 
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Fig.    8. — Terminal    \niTUitn    of    scciucKtrum,    showiiiK    lu-w    lionc    formation    aliout    it,    and 

Sradual  rc'>rv.'ifii7.')ti"ii:    A,   <!< ml  Ix.iu-:   /<.   newlv    formi-i!    Imiu-  surrouinliiit;   ami   incorporating 
cad  bonr 


Fig.  9. — Operation,  Oct.  10,  1919;  roentgenogram,  Nov.  10,  1919; 
large  sequestrum  with  well-marked  involucrum  ami  separation  rone: 
III,  involucrum;  Sq,  sequestrum.  Figures  9,  10  ami  11  are  of  the  same 
case. 
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If  Nve  niav  state,  as  a  criterion  of  dead  bone,  the 
impossibility  of  detecting  its  cellular  elements  by 
microscopic  study,  then  we  may  assume  that  these  two 
types  of  experiment  prove  that  dead  bone  frequiMitly 
becomes  united  to  \'\\'\ug  bone  and  persists  withoui 
bein^:  isolated  as  an  irritatinij  foreign  body.  The 
question  of  revascularization  of  any  transplant  is  one 
that  demands  further  study. 

William  C.  Clarke  suggests  the  hypothesis  that  trans- 
plants which  have  relatively  low  metabolism  may  be 
rt-built.  molecule  by  molecule,  through  their  permea- 
tion bv  tissue  fluids  and  interchange  of  chemical  com- 
pounds. We  know  that  joint  mice  lying  free  in  the 
synovial  cavity  frequently  have  living  cartilage  cells, 
which  must  be  nourished  by  the  "molecular  flow"  of 
body  fluid.  Clinically,  there  is  direct  evidence  of  revas- 
cularization of  transplants,  for  it  has  frequently  been 
ob.served  that  the  graft  bleeds  in  operations  following 
a  bone  graft.  Numerous  observers  have  noted  that 
sections  of  these  grafts  show  blood  vessels  containing 
living  blood  cells  throughout  the  haversian  canals.  No 
one  has  been  able  to  show  dermitcly  how  this  revascu- 
larization occurs. 

In  a  series  of  twelve  cases  of  acute  osteomyelitis  in 
children  that  have  been  admitted  to  Dr.  Pool's  service 
at  the  Xew  York  Hospital,  we  have  had  several 
instances  in  which  seemingly  dearl  bone  had  become 
united  to  the  surntunding  involucrum  and  was  not 
thrown  out  as  a  sec|uestrum.  This  conclusion  was 
ba>ed  on  roentgen-ray  and  clinical  observations.  These 
cases  have  been  treated  by  the  Carrel-Dakin  technic, 
and  I  believe  that  sterilization  of  the  setjuestrum  and 
surrounding  structures  occurred.  This  is  similar  to 
our  finding  in  the  chemically  j)roduced  osteomyelitis  in 
our  animal  experiments.  \\'e,  therefore,  strongly 
advi.sc  the  practice  of  conservatism  in  the  treatment 
of  acute  osteomyelitis  in  children. 

In  a  i)revious  pajjer,  I  have  discussed  in  detail  the 
early  drainage  of  acute  osteomyelitis.  It  is  only  neces- 
sary to  repeat  here  that  care  should  be  taken  to  injure 
as  little  as  possible  the  medullary  canal  in  the  pre- 
liminary drainage.  Curettage  and  packing  of  the 
medullary  canal  should  be  avoided  as  far  as  possible. 

Ritter  contends  that  the  bone  necrosis  is  caused  by 
bacterial    thrombosis    and    precedes    the    suppuration. 
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Fig.    10. — Roentgenogram.    Dec.    1.    1919;    sequestrum   and    involucrura, 
but  less  marked   than   previously:     /"•   involucrum;   Sq.  sequestrum. 
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Fig.    11. — Roentgenogram,    Jan.    15,    1920.    showing    no    involucrum    or 
>eqtie»truin. 


Fig.  12. — Cut  section  of  specimen  from  animal  killed  Jan.  24.  1920: 
III,  subperiosteal  bone  proliferation;  A,  probable  remnants  of  oJd  seques- 
trum, but  no  separation   zone. 


Fig.  13. — Microscopic  section  of  specimen  shown  in  Figure  12;  sub- 
periosteal bone  proliferation;  no  zone  of  separation:  A,  space  in  which 
capillary   tube  lay;  li,  artefact  occurring  during   decalcification. 


Fig.  14. — Capillary  tube  containing  cidton  oil.  instrtid  Jan.  4,   19JJ;  roent- 
genogram taken  January  26,  showing  fairly  large  sized  sctjucstrum.     Figures 

14,   IS,   16  and   17  illustrate   the  same  cn'e. 
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We  kiH>\v  that  in  a  growing  cliilil.  as  long  as  the 
epiphysis  i)ersists,  the  chaphyseal  ami  epiphyseal 
arterial  svsteius  are  almost  indeptMulent  ol  each  other. 
and  that  there  is  a  relative  avascular  zone  where 
sequestration  usually  occurs  in  the  metaphysis. 

Hitter  bases  his  conclusion,  that  the  necrosis  is  due 
to  bacterial  emboli  rather  than  to  supj)uration.  on  lln' 
following  observations:  l-'irst,  necrt)sis  of  the  bone 
occurs  with  extraordinary  rapidity  in  acute  osteo- 
mvelitis,  and  not  gradually,  as  would  have  to  be  the 
case  if  the  pus  were  the  cause  of  the  necrosis.  He 
believes  that  the  bone  is  always  necrotic  no  matter 
how  early  the  operation  is  performed  and  that  the 
necrosis  very  rarely  increases  following  the  i)rimary 
ojjeration.  The  bare  while  bone  without  blood  vessels, 
itripi)ed  of  its  periosteum,  is  considered  a  diagnostic 
criterion  of  acute  osteomyelitis,  lie  belieyes  that  this 
cannot  be  prevented  even  by  the  earliest  operation,  and 
if  a  secondary  operation  is  to  be  performed  for  the 
removal  of  the  sequestrum,  this  sequestrum  is  smaller 
than  the  original  area  of  necrosis  seen  at  the  primary 
oi)eration.  Second,  as  a  rule,  the  necrosis  is  restricted 
to  very  definite  localities.  The  total  necrosis  of  the 
entire  diaphysis  sometimes  occurs ;  but  partial  necrosis 
is  much  mf)re  common,  very  definite  localities  being 
attacked  by  the  necrosis.  This  i)artial  necrosis  always 
is  situated  in  the  region  of  the  ava.scular  area  of  the 
metaphysis.  Third,  in  many  cases  no  "bone  marrow 
phlegmon"  is  present.  Numerous  operators  have 
observed  that  when  the  medullary  canal  was  opened 
the  bone  marrow  seemed  entirely  normal,  not  even 
reddened  or  inflamed.  If  his  contentions  are  correct, 
bacterial  emboli  probably  occlude  these  vessels,  pro- 
ducing the  early  necrosis. 

Numerous  surgeons  have  observed  that  some  cases 
of  osteomyelitis  have  been  cured  by  drainage  of  the 
.subperir)steal  abscess  without  entering  the  medulla. 

\Vhile  it  seems  eviflent  that  Ritler's  theory  is  true 
to  a  certain  degree,  we  are  inclined  to  question  him  on 
certain  of  his  deductions. 

It  is  accepted  that  thrombosis  of  ves.sels  may  extend 
along  their  courses  if  the  focus  is  not  relieved.  This 
is  particularly  true  in  bone  in  which  the  reaction  of 
inflammation  causes  increased  pressure  against  rigid 
walls.      It   would   seem  advisable,   therefore,   that  the 


Fig.    15. — Roentgenogram   taken    Fel).    1.?,    1922.   showing  iliminutiim   in 
size  of  sequestrum  and  marked   formation  of   involucrum. 


Fig.    16. — March    1,    1922,    sc(|ucstriim    further   diminished    in    size   and 
with  a  well  marked  separation  zone. 


Fig.   17. — A,  normal  limb  as  controlled;  B.  almost  complete  disappear- 
ance of   sequestrum  as   shown   by   the   roentgen    ray. 


Fig.  18. — Osteomyelitis  in  a  dog  caused  Ijy  the  injection  of  Stafhylo- 
coceut  aureut  in  the  medullary  canal:  .S'l;.,  cortical  sequestrum.  Marked 
new  bone  pro<luclion  tending  to  wall  ofT  medullary  canal,  and  compensa- 
tory »ub|>rri»Atral  bone  prolifrration  on  the  opposite  side.  Figures  18, 
19,   20  and   21    arc  the    same   case. 


Fig.    19. — Cross-section   of   bone:     Sq.,   sequcslrum;    B,  rarefied   cortex;    C.   sub- 
periosteal  bone   proliferation. 
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earliest  relief  oi  this  pressure  sluiuUl  he  aecduiplislied 
by  exploratory  operation  and  drainage.  If  pressure 
is  not  relieved,  it  is  logical  to  assume  that  the  throm- 
bosis of  the  entire  nutrient  artery,  with  the  conse(|uent 
«ieath  of  the  diaphysis.  might  ensue.  .After  stuclying 
his  theory.  1  believe  we  may  agree  to  tlie  following 
factors  in  osteoniyelitis :  First,  that  early  drainage 
siiould  be  performed  to  relieve  tension  and  to  limit  as 
far  as  possible  the  primary  thrombosis ;  second,  that 
when  roentgenograms  reveal  circulatory  disturbance 
of  bone  due  to  thrombosis,  there  may  be  a  later  reestab- 
lishment  of  blood  supply  and  the  affected  bone  may 
become  revitalized. 

RKi'ORT    oi^    c.\si:s 

Our  present  interest  is,  however,  the  Ireatnicni  of 
the  late  necrosed  bone,  a  condition  that  frequently 
occurs  in  children  following  the  preliminary  drainage. 
The  cases  reported  here  show  that  bone  which  ajjpears 
dead  either  on  roentgen-ray  or  gross  examination  may 
be  utilized  to  the  advantage  of  the  patient. 

Case  1. — A  girl,  aged  5  years,  came  into  tlic  hospital  witli 
an  ocute  osteomyelitis  involving  the  upper  third  of  the  tibia. 
Drainage  was  established  by  removing  the  anterior  part  of 
the  cortex  in  the  upper  third.  Later  the  roentgen  ray 
revealed  a  marked  rarefaction  and  apparent  sequestrum  for- 
mation in  the  lower  third.  As  her  temperature  was  approach- 
ing normal  and  her  condition  quite  satisfactory,  it  was  con- 
sidered advisable  to  delay  operation  on  the  lower  third. 
Later  roentgenograms  revealed  suliperiosteal  bone  prolifera- 
tion around  this  zone  of  separation,  and  a  roentgenogram 
taken  one  year  later  disclosed  a  relatively  normal  appearing 
shaft.  .At  the  present  time,  she  is  well,  witlioiit  any  sinus, 
and  apparently  the  process   is   cured. 

Comment. — Primary  roentgenographic  studies  of  this  patient 
demonstrated  the  appearance  of  rarefaction  and  sequestra- 
tion in  the  lower  third  of  the  tibia.  This  completely  disap- 
peared without  any  operative  interference    (Figs.  22  to  24). 

Case  2. — A  boy,  aged  7  years,  whose  tibia  had  been  insuffi- 
ciently drained  elsewhere  for  an  acute  osteomyelitis,  came 
into  the  hospital  extremely  ill,  with  a  temperature  of  106  F., 
marked  leukocytosis  and  prostration.  At  the  primary  opera- 
tion, the  entire  anterior  portion  of  the  cortex  of  the  tibia 
was  removed.  There  was  a  fracture  of  the  upper  third,  owing 
to  the  complete  destruction  of  the  bone.  Periosteum  was 
separated  by  pus  from  the  greater  part  of  the  shaft.  In  this 
rase,    Carrel    tubes    were    inserted    posteriorly,    between    the 


■c:^  on  Tr.^vnmvrr  i.lintonncrot;!  ai.li :  Sq..  cavitv  in  which  sequestrum  shows 
granXtion-Us^r^irh^nc-'w  tncN^r^du^ction  i.l  .he  nK-duliary  canal ;  B.  rarefied  cor.ex 
iurrounded   by   areas   of    leukocytes   and   infected   granulation    tii,sue. 
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Fig.  21. —  nigh(x,wcr  |.li(.l<>inicroKr:i|)li  of  rait- lied  cmlcx  of  hojit  .slii.wn  in  1  ikuk 
19:  /*,  necrotic  I><jiic  surrounded  by  nrw  living  hone-  growing  in  the  i)rcscnce  of  an 
infection.  It  is  reasonable  to  assume  that  as  the  infection  suhsides  this  Ijonc  would 
not  be  thrown  off  as  a  sequestrum,  but  would  gradiuilly  become  reorganized:  //,  necrotic 
bone  with  absence  of  bone  nuclei;  H,  living  subpcriosleal  bone. 


Fig.  22  (Case  1).— Roentgenogram  Uikcn  July  30.  1919;  operation 
performed  June  22.  consisting  of  removal  of  2  inches  of  the  anterior 
surface  of  the  upper  third  of  the  tibia:  A.  area  of  bone  removed  at 
primary    operation;     In,     involucrum;     S,     separation    zone. 


Fig.  2J  (Casc  1). — Operation,  June  22,  1919;  roentgenogram  taken  August  22:  S,  former  sep- 
aration zone.  M.-irkrrI  ^uliLrriicti-.-it  iirolifLTatiiiii.  no  operative  procedure  has  been  performed  on 
this  area. 
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Fig.  25 


Fig.  24  (Case  1).— Operation,  June  22,  1919;  roentgenogram  taken  November  24;  no  sinus; 
patient  apparently   well. 

Fig.  25  (Case  2). — Roentgenogram  taken  Dec.  8,  1919,  previous  to  operation:  Sq.,  scques- 
trum;   In,  involucrum;   .S",    separation   zone. 
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necrotic  shaft  and  the  periostouni.  The  shaft  appeared  dead. 
It  was  not  removed  hecause  it  was  thought  advisal)le  to 
maintain  this  portion  of  the  shaft  to  prevent  deformity. 
This  child  had  Strcf>loc<Hius  hciiiolyticiis  hlood  infection  and 
was  treated  with  intravenous  injections  of  peptone.  After 
about  five  weeks,  granulations  were  seen  springing  up  on  the 
surface  of  the  formerly  necrotic  shaft.  Roentgenograms 
taken  two  months  after  the  primary  operation  demonstrated 
new  hone  formation  about,  and  apparently  incorporating,  the 
remnant  of  the  old  necrotic  shaft,  .\fter  two  years,  the  child 
was  well  without  a  sinus  (Figs.  25  to  27). 

Conimciit — This  patient,  who  was  too  sick  to  stand  any 
operative  procedure,  had  a  dead  shaft  exposed  in  the  wound. 
Following  treatment  by  the  Carrel-Dakin  method,  granula- 
tion tissue  appeared  on  the  former  necrotic  surface.  The 
bone  was  later  incorporated  and  the  new  bone  formed  about 
it.  Whether  or  not  in  this  case  the  sequestrum  was  sterilized 
by  the  surgical  solution  of  chlorinated  soda  (Carrel-Dakin 
solution)  it  is  difticult  to  state;  but  it  appears  as  if  it  were 
acting  very  much  as  did  the  chemical  sequestrum  produced 
by  croton  oil  injections  in  the  experimental  lal)oratory. 

Case  3. — History. — A  boy,  aged  10  years,  admitted  in  Sep- 
tember. 1920,  had  been  suffering  from  stiffness  and  throbbing 
pain  in  the  left  knee  for  four  days.  While  playing  baseball, 
four  days  previously,  he  struck  his  left  knee  against  a  stone, 
which  was  being  used  as  a  base — "was  sliding  to  the  base." 
The  next  day  the  knee  began  to  swell  slightly  and  to  throb. 
He  was  unal)le  to  put  his  foot  to  the  floor  without  pain  in 
the  region  of  the  knee  joint.  He  became  unal)le  to  bend  the 
knee  without  intense  pain.  His  condition  became  progres- 
sively worse  until  the  time  of  his  admission  to  the  hospital. 

Examination.  —  The  temperature  was  104  F. ;  the  pulse, 
120;  respiration,  24.  The  white  blood  count  was  22,100,  with 
87  per  cent,  polymorphonuclears.  The  patient  lay  in  1)ed, 
with  the  leg  rotated  outward  and  with  flexion  of  the  knee 
of  about  30  degrees.  He  complained  of  pain  on  motion  of 
the  knee.  There  was  markcfl  tenderness  about  the  knee  and 
lower  end  of  the  femur.  The  maximum  point  of  tenderness 
was  on  the  inner  side,  in  the  region  of  the  internal  condyle 
of  the  femur,  and,  posteriorly,  in  the  popliteal  fossa.  Deep 
and  continuous  pressure  over  the  femur  higher  up  caused 
excruciating  pain.  There  were  several  large  and  tender 
inguinal  nodes.  There  was  a  small  elliptic  abrasion  over  the 
internal  malleolus  of  the  tibia. 

The  diagnosis  of  osteomyelitis  of  the  mctaphysis  of  the 
femur  was  made,  on  account  of  the  history  and  the  fact  that, 
while  there  was  fluid  in  the  joint,  the  main  tenderness  was 
in  the  region  of  the  lower  epiphysis  of  the  femur.  The  roent- 
gen ray  revealed  a  slight  fuzziness,  posteriorly,  in  the  region 
of  the  epiphysis. 


Fig.  26  (Case  2). -Roentgenogram  taken  Feb  7.  1920;  op^r^^^^l 
December  9;  anterior  surface  of  the  cortex  of  the  t.b.a  rcmoNcd. 
drainage    tube    in    ixipHteal    space.      Compare    case    history. 


Fig.    27    (Cage   2). — Roontgcnogram    taken    May    8,    1922;    boy    up    and 
about,    feels    well;    no    sinus,    complete    reproduction    of    tibial    shaft. 


Fig.    28    (.Case   .1). — Acittc   osteoniyc-litis  of   frimir: 
faction   in    posterior   portion    of   nictaphysis. 


A,   definite  area   of   rare- 


Fig.  29  (Case  3).— LatiT.-il  view  taken  N'ov.  3,  1920,  showing 
marked  subperiosteal  aii'l  cxtrapcriostfal  bone  [jfriliferalion.  Opera- 
five  burr  hole*  m.-iv  l.i-  ••iiii  K'H-ntgcnogram  suggests  beginning 
•cquestration. 


Fig.    30    (Case    3)  .—Roentgenogram    taken    May    28.    lOJJ;    cliiWi    well, 
without   any   sinus   and  almost  complete   disappearance   of   the   .sequestrum. 
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Operation  and  Ri'sull. — A  long  incision  of  tlic  latnal  sur- 
face of  the  thigh  was  made.  The  periosteum  in  the  lower 
third  of  the  femur  was  stripped  from  the  hone.  It  contained 
alK)ut  2  ounces  (59  c.c.)  of  pus.  On  palpation,  the  hone  felt 
roughened  externally.  On  account  of  the  extreme  prostra- 
tion of  the  patient,  it  was  thought  advisahle  to  explore  the 
medullary  canal.  Two  hurr  holes  were,  therefore,  made  along 
the  supracondylar  ridge.  From  the  lower  one,  hloody  serum 
with  some  broken  down  fat  escaped  under  tension.  As  the 
abscess  cavity  pointed  toward  the  popliteal  space,  it  was 
thought  advisable  to  drain  in  that  region.  A  small  longitu- 
dinal incision  was  made  and  a  tube  inserted.  Carrel  tubes 
were  inserted  in  the  lateral  wound.  There  was  some  swell- 
ing of  the  knee  joint  for  a  considerable  time,  but  this  grad- 
ually subsided  without  treatment.  The  wound  was  treated 
by  the  Carrel-Dakin  method. 

The  boy  left  the  hospital  on  the  forty-fourth  day.  The 
roentgenograms  at  that  time  disclosed  considerable  prolif- 
eration about  the  lower  end  of  the  femur  and  suggested  a 
possible  sequestrum.  However,  from  my  experience  in 
previous  cases,  I  believe  that  frequently  bone  that  appears 
necrotic  in  the  roentgenogram  will,  in  children,  become  reor- 
ganized, and  that  if  the  child  is  progressing  well  clinically,- 
it  is  favorable  to  wait  for  a  considerable  period  of  time 
(Figs.  28  to  31). 

Xov.  17,  1921,  the  wound  was  completely  healed.  Tlie  child 
ran  and  played  without  pain.  Examination  revealed  a  linear 
scar,  no  bone  tenderness  or  induration  and  no  limitation  of 
motion  of  the  knee  joint. 

Case  4. — History. — A  baby  girl,  aged  17  months,  three  days 
before  admission,  had  become  fretful  and  feverish.  Her  par- 
ents took  her  to  a  physician,  who  immediately  referred  her 
to  a  hospital. 

Examination. — The  I)aby  appeared  acutely  ill,  with  a  tem- 
perature of  104.2  F. ;  pulse,  120,  and  respiration,  36.  The 
white  blood  count  was  20,000  with  91  per  cent,  polymorplio- 
nuclears. 

Opcratinti. — .\n  incision  was  made  over  the  entire  length  of 
the  left  thigh.  There  was  marked  edema  of  the  muscles;  but 
in  cutting  through  the  deep  fascia,  a  large  abscess  cavity 
was  opened,  which  completely  surrounded  the  femur  and  was 
largely  cxtraperiosteal.  The  periosteum  was  scraped  back 
over  the  lateral  surface  of  the  lower  third  of  the  femur. 
With  a  drill,  a  small  hole  was  made,  about  4  inches  (10  cm.) 
above  the  lower  end.  Pus  escaped  from  the  medullary  cavity. 
A  similar  opening  was  made  1  inch  (2.5  cm.)  distad  from 
which  pus  also  escaped.  With  a  gouge,  the  medullary  canal 
was  opened  between  these  two  holes  and  a  considerable 
amount  of  broken  down  tissue  was  removed  from  the  canal 
without  curetting.     A  counter  stab  wound  was  made  on  the 


Fig.   31  Kig. 

Fig.    31    (Case    3). — Roentgenogram    taken    May    20,    1922,    revealing    i 
sinus,   no  limitation  of  motion,  nor  bone   tenderness 

Fig.  32   (Case  4). — Roentgenogram  taken   July   : 
ference  and  considerable  subperiosteal  bone  proliferation. 


s.i|uestr.ition,    n<> 
1921,  siiowing  no  area  of  operative  inter- 
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Fig.  33  (Caic  4). — July  27,  1921,  marked  subperiosteal  bone  proliferation;  appiarance  some- 
what cuggcfts  beginning  !>c(juc!ilration  fornuition. 

Fig.  34  ^Casc  4). — Sept.  19,  1921,  '  marked  subperiosteal  bone  prodiiclion;  no  signs  of 
tcqucttration ;   general  condition   satisfactory. 
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mesial  surface,  below  the  extensor  tendon.  Carrel  tubes  and 
Dakin  gauze  were  inserted  along  the  side  of  the  femur,  but 
none  were  placed  in  the  medullary  canal. 

Culture  revealed  a  pure  growth  of  Staphylococcus  aureus. 

Result. — The  child  was  discharged  from  the  hospital  on 
the  sixty-fourth  day,  with  a  normal  temperature.  The  inci- 
sion was  completely  healed;  but  there  was  a  small  sinus  from 
the  mesial  stab  wound. 

Three  months  after  discharge,  forceps  were  inserted  and 
a  small  cortical  sequestrum  removed.  As  can  be  seen  by  the 
intervening  roentgenograms  there  has  been  marked  reaction 
and  new  bone  production.  I  am  convinced  that  if  in  this 
case  the  femur  had  been  opened  wide  and  packed,  an  entire 
sequestrum  of  the  shaft  would  have  occurred  (Figs.  32  to  34). 

The  wound  has  now  closed  completely  and  the  child  is  well. 

CONCLUSIONS 

1.  If  necrosis  of  bone  is  frequently  a  circulatory  dis- 
turbance and  not  of  necessity  suppurative,  we  may 
assume  that  a  i)one  appearin<^  necrotic  under  the 
roentgen  ray  may  become  revascularized.  The 
process  then  is  similar  to  that  occurrint;^  in  a  bone 
transplant. 

2.  Bone  which  to  gross  examination  ajipears  dead, 
lying  in  an  infected  field,  may  occasionally  be  rendered 
sterile  and  utilized  as  a  framework  for  the  production 
of  new  bone  about  it.  Under  these  conditions,  if  the 
clinical  course  of  the  child  is  progressing  favorably, 
we  should  hesitate  to  remove  the  bone  which,  either  on 
roentgen-ray  or  gross  examination,  appears  necrotic,  if 
it  can  be  saved  to  advantage.  It  frequently  hai>- 
pens  that  the  involucrum  is  not  strong  enough  to  main- 
tain the  shape  of  the  limb,  and  therefore,  deformity 
may  be  prevented,  and  operative  procedure,  which  i-- 
always  accomjianied  by  a  certain  degree  of  shock,  may 
be  avoided. 

1(K)  East  Sixtv-Sixth  Street. 
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From  the  Department  of  Surgery,  College  of  Physicians  and  Surgeons,  Columbia  University 


VARIED  attempts  by  widely  different 
operative  procedures  have  been  made 
to  solve  the  problem  of  reconstruction 
of  the  CESophagus  after  removal  of  segments 
of  the  organ.  It  has  been  realized  for  a  long 
time  that  this  is  a  basic  problem  in  the  sur- 
gery of  oesophageal  stenosis,  for,  whether  the 
lesion  is  a  benign  or  a  carcinomatous  stricture 
of  the  organ,  the  ideal  would  evidently  be  a 
restitution  of  the  passage  for  food  after 
operative  removal  or  side-tracking  of  parts 
of  the  organ.  The  many  experimental  and 
occasional  clinical  efforts  that  have  been  made 
with  this  purpose  in  view  have  consisted 
either  in  partial  or  in  total  oesophagoplasty. 
It  would  lead  too  far  afield  to  enter  into 
the  details  of  these  methods.  In  brief,  it 
may  be  said  that  the  earliest  plan  was  the 
formation  of  a  skin  tube  fashioned  from  the 
skin  of  the  anterior  chest  wall,  to  which  the 
oesophagus  above  the  stricture  was  attached 
superiorly,  and  the  stomach  below.  Later 
developments  consisted  in  the  use  of  implants 
of  loops  of  small  or  large  intestine  isolated 
in  various  ways,  and,  finally,  tubes  or  flaps 
from  the  gastric  wall  were  employed  for  this 
purpose. 

Experimentally,  these  methods  have  been 
followed  by  occasional  successes,  and  there 
are  a  few  instances  in  which  clinically,  too, 
they  have  proved  satisfactory.  In  the  human 
being  such  procedures  involve  multii^le  oj)era- 
tions  over  a  period  of  many  weeks  or  months, 
with  the  ever  present  likelihood  of  failure 
from  complications,  infection  or  gangrene  of 
the  isolated  portion  of  the  hollow  viscus,  etc. 
The  technic[ue  of  these  ocsophagoplasties  is 
complicated,  and  the  patient  must  necessarily 
be  in  good  physical  condition  to  withstand 
the  several  major  operations.   In  fact,  against 


the  few  successes  that  have  been  reported, 
there  is  the  probability  of  a  much  larger  pro- 
portion of  unreported  failures  and  an  oi)era- 
tive  mortality  that  is  not  negligible. 

If  progress  is  to  be  made  in  this  field  it  is 
essential,  we  believe,  to  separate  the  problem 
of  oesophagoplasty  into  two  distinct  i)arts  - 
a  plan  of  operation  adaptable  for  benign 
stenosis  and  one  for  cancer  of  the  cesciphagus. 
In  the  former,  a  considerable  length  of  the 
organ  may  be  involved  or  the  strictures  may 
be  multij^le;  the  patient  is  usually  young 
and  in  good  physical  condition,  and  the  prob- 
lem is  one  of  sidetracking  and  not  of  removing 
the  disease.  In  cancer  of  the  trsophagus  the 
patient  is  ordinarily  old  and  debilitated  by 
the  disease;  and  the  problem  is  one  of  rcjilace- 
ment  of  relatively  short  segments  of  the  organ. 
It  is  the  latter  problem  that  has  engaged  our 
attention  in  the  experimental  studies. 

Before  describing  the  experiments,  brief 
reference  shoukl  be  made  to  the  methods  em- 
ployed forre-establisiiment  of  the  food  channel 
in  the  two  successful  cases  of  its  resection  for 
cancer.  In  Torek's  case  no  attempt  at  recon- 
struction was  made.  A  rubber  tube  connected 
the  stump  of  the  ctsoi)hagus  in  the  neck  with 
a  gastrostomy  opening.  Lilienthal  emi)loye(l 
a  pedicled  skin  flap  laid  in  j)lace  at  the  first 
operation,  which  consisted  in  the  isolation  of 
the  neoplasm.  After  the  removal  of  the 
growth,  the  skin  flap  was  detached  and  the 
final  result  was  a  dermal  channel  to  which  the 
oesophageal  ends  became  attached.  The 
patient  was  a  young  individual  in  good  physi- 
cal condition;  it  is  questionable  if  the  pro- 
cedure employed  by  Lilienthal  will  prove 
applicable  to  the  cases  of  a-sophageal  cancer 
that  are  usually  encountered.  Indeed,  it 
was    from    observations    made    fluring    the 
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lime  the  brilliant  scries  of  operations  were 
carrieil  out  in  his  ease  that  we  were  led  to 
iverform  our  experimental  work. 

Repair  of  a  wound  of  the  ccsophagus  takes 
place  by  granulation  tissue.    Even  a  simple 
oesophagolomy   with   immediate   suture   will 
be  followeil  by  leakage  until  the  incisii)n  in 
the  organ  is  healed  by  granulation.     An  er- 
roneous impression  exists  that   anastomosis 
between  the  oesophagus  and  some  other  hol- 
low viscus  will  be  followed  by  repair  as  seen 
in    the  peritoneal    cavity.     The    ccsophagus 
has  no  serosal  covering  anil  the  repair  alter 
operations  upon  the  abdominal  hollow  organs 
depends  primarily  upon  the  existence  of  the 
serosal  layer.    Since  repair  of  the  oesophagus 
ikes  place  by  granulation,  we  determined 
\.o   make   use   of   this   fact   by   establishing 
granulation    tubes   between   the   ccsophagus 
stumps   after   resection   of   the   organ.     Our 
plan  was  to  isolate  a  given  section  of  the 
I  sophagus  and  surround  it  by  packings.    At 
ihe  next  stage  the  isolated  portion  was  to  Ijc 
resected  and  a  rubber  tube  sutured  in  i)lace. 
It  was  our  impression  that  granulations  would 
form  about  the  tube  and  that  the  (esophageal 
pithelium  would  ultimately  line  the  granula- 
tion tube. 

The  experiments  comprise  a  series  of  opera- 
•  ions  performed  on  thirteen  dogs,  all  under 
iher  ani-sthesia.  The  first  oi)erati(ms  were 
-n  the  thoracic  oesophagus.  Attempts  were 
made  to  approach  the  organ  through  the 
posterior  mediastinum,  but  the  jileura  was 
invariably  entered  and  death  ensued  from 
infection.  The  principles  involved  being  the 
>ame  and  the  technical  difficulties  fewer, 
(jjK-rations  on  the  cervical  (jL'.soi)hagus  were 
practiced  in  all  the  subsequent  exi)eriments. 
\  >triking  fact  was  soon  noted  in  these  experi- 
;nents  on  the  cervical  (jesophagus:  resection 
and  rubber  tube  implantation  in  one  stage 
was  followed  by  death  from  infection.  A 
supi)urative  process  extended  from  the  wound 
down  the  cellular  planes  of  the  neck  into  the 
mediastinum  to  involve  both  pleural  cavities. 
The  following  experiment  will  illustrate  this: 

Experiment  i.  Dog  177H.  Weight,  25  pounds. 
Operation,  February  4,  i(j2i.  Incision  4  inches, 
along  anterior  border  of  left  stcrnomastoid  muscle. 
Three    inches    of    oesophagus    were    isolated    from 


IrachiM  and  surrounding  niusrlcs.  aftrr  rotraction 
nu'sially  o\  the  groat  vessels  anil  vagus  nerve.  One 
inch  of  lesophagus  was  resected,  and  a  T-tube 
inserletl  anil  sutured  into  cut  ends.  The  sterno- 
mastoiil  muscle,  with  a  small  arm  of  T-tube  coming 
through  it,  was  sutured,  thus  completing  a  muscular 
tunnel  around  the  tube.  The  skin  antl  fascia  were 
closed.    A  typical  Wilzel  gastrostomy  was  done. 

February  5,  igji.  Dog  died.  At  autopsy  the 
wound  in  the  neck  was  found  extensively  infected, 
with  pus  bathing  the  muscles,  trachea,  and  cut  ends 
of  the  a^sophagus;  these  ends,  however,  were  held 
by  the  sutures  to  the  tube.  The  infection  extended 
down  the  cellular  spaces  of  the  neck  into  the 
posterior  mediastinum,  a  purulent  exudate  covering 
the  a'sophagus,  trachea,  and  prevertebral  muscles. 
In  addition  there  was  a  bilateral  bronchojMieumonia 
with  a  bilateral  empyema,  apparently  a  direct 
extension  from  the  posterior  meiliastinum.  Death 
was  due  to  an  overwhelming  infection  and  sepsis. 

On  the  other  hand  there  have  been  no 
deaths  from  infection  in  the  operation  carried 
out  in  two  stages,  and  we,  therefore,  regard 
this  as  the  correct  procedure.  The  techninue 
is  in  brii'f  as  follows:  A  vertical  incision  is 
inaile  to  the  left  of  the  trachea  and  the 
ccsophagus  is  exposed  by  retraction  of  the 
musculature  and  great  vessels.  The  vagi  are 
stripi)e<l  free,  the  branches  going  into  the 
segment  to  be  resected  being  sacrificed.  The 
desired  portion  of  the  oesophagus  being  thor- 
oughly isolated,  gauze  packings  are  placed 
beneath  it,  the  ends  coming  out  of  the  wound. 
The  latter  is  left  wide  oj)en.  At  the  second 
stage,  one  week  later,  the  isolated  portion  of 
the  ccsophagus  is  elevated  by  traction  on  the 
j)ackings  and  is  divided  oblicjuely  above  and 
below.  The  packings  and  the  segment  of 
oesophagus  are  then  removed.  A  bed  of 
granulation  tissue  is  found  to  have  formed 
beneath  the  j)ackings.  A  soft  rubber  tube  of 
the  diameter  of  the  oesojdiagus  is  securely 
sutured  to  the  upper  and  lower  ends  of  the 
organ  by  stitches  })assed  transversely.  The 
rubber  tube  has  a  lateral  opening  in  order  to 
feed  the  animal  by  a  catheter  i)assed  through 
it  into  the  stomach.  When  the  tube  becomes 
l(jose  it  is  rcmox'ed  if  it  has  not  ;drcady  been 
rlischarged    horn    the    wound. 

By  this  time  the  external  wound  is  largely 
closed  by  granulation  tissue.  An  (esophageal 
fi.stula,  c)r  rather  a  fistula  through  the  new 
formed  granulation  tube,  })ersists  but  finally 
closes  completely. 
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Fig.  I.  End  of  first  stage  of  operation.  (Esophagus 
isolated  from  surrounding  structures  and  packed  ofT.  In 
the  actual  operation,  packings  completely  separate  the 
organ  from  the  trachea,  great  vessels,  and  muscles. 


Three  experiments  illustrate  the  process  of 
gradual  reconstruction  of  the  oesophagus  by 
the  granulation  tube  operation  and  their 
description  indicates  the  results  that  have 
been  obtained. 

At  the  end  of  one  week  the  ends  of  the 
resected  oesophagus  are  partly  attached  to  a 
gutter  of  granulation  tissue.  Upon  micro- 
scopic examination  there  is  beginning  union 
between  the  cut  ends  of  the  oesophagus  and 
the  adjacent,  partly  formed  granuhition  tube, 
the  first  stage  of  epithelial  overgrowth  ex- 
tending from  the  oesophageal  epithelium. 

Experiment  2.  Dog  1Q65.  Weight  11  kilograms. 
Operation,  first  stage,  April  i,  ig2i.  An  incision  was 
made  to  the  left  of  the  trachea,  from  the  lower  mar- 
gin of  the  sternomastoid  mtiscle,  upward  along  its 
anterior  border,  to  the  lower  pole  of  the  thyroid 
gland.  The  sternomastoid  was  retracted  laterally; 
vessels  identified,  isolated  and  retracted.  The 
oesophagus  was  found  behind  and  a  little  to  the  lett 
of  the  trachea.  The  left  vagus  nerve  was  carefully 
freed  and  retracted  w^ith  the  vessels,  those  branches 
to  the  oesophagus  being  sacrificed  over  the  portion 
to  be  isolated.  Two  and  one-half  inches  of  oesopha- 
gus were  isolated,  surrounded  by  wet  packings,  and 
the  wound  left  wide  open.  April  i  to  April  8,  dog 
was  given  normal  diet  by  mouth. 

Second  stage,  April  8.  Weight.  10.5  kilograms. 
Granulations  were  red  and  healthy.  The  ccsophagus 
was  drawn  out  of  the  wound  by  means  of  the  packings, 
and  the  packings  were  removed.  The  upper  limit 
of  the  isolated  area  was  cut  across  obliquely,  with 


Fig.  2.  End  of  second  stage  of  operation.  .\  portion  of 
the  fEsophagus  has  been  resected  and  replaced  by  a  rubber 
tube,  sewed  into  place  above  and  below.  The  tube  bridging 
the  gap  lies  on  a  bed  of  granulation  tissue. 


the  dorsal  wall  of  the  organ  longer  than  the  ventral. 
A  soft  rubber  tube  was  inserted  into  the  upper  cut 
end,  and  the  edges  of  the  oesophagus  sutured  to  it, 
taking  four  sutures,  one  behind,  one  in  front,  and  two 
laterally.  These  sutures  were  passed  transversely, 
and  the  knots  were  tied  on  the  outside.  With  the 
upper  junction  of  tube  and  cut  oesophagus  now 
secure,  the  oesophagus  was  cut  across  below  and 
the  lower  end  of  the  tube  sutured  here  in  a  similar 
manner.  About  2  inches  of  the  oesophagus  were 
removed.  A  window  was  cut  into  the  tube  for  feed- 
ing purposes.    The  wound  was  left  wide  open. 

April  II.  Dog  has  pulled  tube  out.  Oesophageal 
ends  found  and  another  tube  inserted  and  sutured  in 
place.  Feedings  through  an  opening  in  it  are  to  be 
continued. 

April  I  J.  Tube  has  become  loose  again;  left  out. 
The  lower  end  of  the  resected  oesophagus  can  be 
seen  glued  down  firmly  to  the  surrounding  granula- 
tion tissue.  The  upper  end  is  not  yet  attached. 
Feedings  to  take  place  through  the  crsophageal 
fistula,  through  which  a  catheter  can  easily  be 
passed   into  (vsophagus,  thence  into  the  stomach. 

April  /•,-.  Since  yesterday  the  animal  has  been 
vomiting  and  breathing  with  ditViculty.    Death. 

Autopsy.  Infection  of  wound  is  limited  to  site  of 
operation.  The  lower  cut  end  is  firmly  glued  down 
to  the  granulation  tissue,  and  it  appears  that  the 
posterior  wall  of  the  granulation  tube  which  has 
replaced  the  a-sophageal  defect  is  lined  with  epithe- 
lium; its  color  is  light  pink  and  has  a  glistening 
appearance,  resembling  the  normal  (Esophageal 
mucosa.  The  upper  cut  end  is  not  yet  glued  down 
to  the  granulation  tissue  around  it. 

Death  was  due  to  operation  which  was  performed 
during  pregnancy. 

Microscopic  sections.  Sections  taken  through  the 
junction  of  the  oesophageal  cut  ends  and  the  granula- 
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lion  tube  show  an  abrupt  cndinj;  of  tlio  irsonhagcal 
wall  as  JmlicattHl  on  the  surfaco  by  a  dipping  down 
and  a  heaping  up  of  the  epithelium.  At  this  site 
there  is  a  termination  of  the  mucous  glands  and 
the  muscularis  ends  by  intertwining  with  the 
adjacent  tissue.  This  latter  is  granulation  tissue 
presenting  the  earlier  stages  of  organization,  witli 
here  and  there  islands  ami  groups  of  polynuclear 
cells.  Toward  the  free  surface,  vascularization  is 
more  marked;  there  arc  many  new-formed  blood 
vessels.  The  surface  is  covered  in  part  by  an  ex- 
tension of  epithelium  continuous  with  the  (esoi)lia- 
geal  epithelium.  This  new-formed  epithelium, 
however,  presents  the  following  dilTcrenccs  from 
normal  oesophageal  epithelium:  (,i)  there  are  no 
papillx;  (2)  it  is  not  as  thick:  (0  it  stains  more 
deeply;  (4)  flattened  surface  cells  of  normal  (esopha- 
geal mucous  membrane  are  not  present;  (5)  nuclei 
of  cells  are  round  throughout ;  (.6)  very  active  mitoses 
are  present;  (7)  there  is  some  j)olynuclear  infiltration. 

Three  weeks  after  operation  ihc  uraiuilat  ion 
tube  is  solidly  formcnl.  with  soiiie  distortion 
because  the  external  fistula  throu^di  the  same 
still  persists.  The  union  between  the  di\ided 
ends  of  the  oesophagus  and  the  granulation 
tube  is  firm,  and  there  is  a  more  extensive 
epithelial  overgrowth  arising  from  the  oesoph- 
ageal epithelium. 

Experiment  3.  Dog  iS5(j.  Operation,  first  stage, 
February  n,  iq2J.  Typical  Witzel  gastrostomy 
done  through  a  left  upper  rectus  incision.  Five 
centimeters  of  cervical  resophagus  were  isolated  by 
the  usual  technique,  as  already  described.  Packings 
were  placed  around  the  oesophagus  and  wound  left 
wide  open. 

February  11-18.  A  tube  has  been  inserted  into 
the  gastrostomy  opening  for  feedings  only.  Six 
ounces  of  milk  were  given  twice  a  day  and  7  ounces 
of  water  four  times  a  day;  moderate  emaciation; 
animal  in  satisfactory  condition  except  for  diar- 
rhreal  stools. 

Second  stage,  February  18.  Resection  of  .3  centi- 
"^etcrs   of   cervical   oesophagus,    with    insertion    of 

Ik-,  in  usual  manner. 

February  2^.  Tulx;  has  disappeared  from  wound; 
apparently  in  the  stomach. 

February  25.  Condition  of  dog  is  satisfactory. 
(Esophageal  fistula,  about  2  centimeters  long,  is 
present.  It  seems  that  the  defect  has  been  bridged  by 
granulation  tissue.    Dog  to  be  given  water  by  mouth. 

March  i.  Gastrostomy  permitted  to  close.  Rub- 
ber tube  is  in  stomach,  as  shown  by  X-ray  picture. 

March  10.  F"or  the  past  2  weeks  the  dog  has  been 
taking  fluids  by  mouth.  Most  of  it  pas.ses  into  the 
stomach,  about  5  per  cent  escaping  through  the 
fistula  in  the  neck.  However,  in  a  few  minutes  after 
swallowing  food,  it  is  regurgitated  and  escapes 
either  through  the  fistula  or  is  vomited. 


Aiitop.sy.  Marili  11.  TluTc  is  no  iiilcitii)n  ol  the 
wound.  (Ksopliageal  defect  is  occuiiied  by  a  thin, 
l^inkish-white  tube  of  tissue,  loosel\'  attached  to  the 
surrounding  musculature  and  the  trachea.  There  is 
gradual  merging  of  normal  (esophageal  wall  into 
the  tissue  occupying  the  defett .  The  interior  appears 
to  be  lined  by  a  smootli  layer  continuous  with  the 
(esophageal  lining.  The  new-formed  tube,  showing 
no  stenosis,  is  about  4  centimeters  long  and  of  about 
the  same  diameter  as  the  crsophagus. 

}fnroscopic  section.  The  termination  of  the 
(es()phagus  is  indicated  on  the  surface  by  a  slight 
dipping  in  of  the  epithelium:  it  is  only  marUcil 
definitely  by  the  ending  of  the  mucous  ghimls 
in  the  depths.  The  musculature  grades  into  the 
tissue  that  occupies  the  tlefecl,  well  beyond  the 
termination  of  the  mucous  glands,  thinning  out 
gradually,  and  becoming  ultimately  intertwined 
with  the  young  fibrous  tissue.  The  new-formed 
epithelium  is  similar  in  appearance  to  the  old,  being 
of  about  the  same  thickness.  Papilla;  arc  now  well 
developed,  the  staining  appearance  is  almost  identi- 
cal with  that  of  the  normal,  and  there  is  deveU)pe(l 
a  subepithelial  layer  of  tissue  similar  to  the  sub- 
mucosa  of  the  oesophagus,  with  very  little  leuco- 
cytic  infiltration. 

For  the  rest,  the  tissue  occupying  the  defect  is  of 
about  the  same  thickness  as  the  oesophageal  wall, 
and  presents  granulation  tissue  with  considerable 
organization  and  many  new-formed  blood  vessels. 
Sections  from  the  upper  and  lower  junction  of  the 
oesophagus  with  the  new-formed  tube,  when  taken 
together,  present  the  evidence  that  there  has  been 
considerable  growth  of  epithelium  over  the  granuhi 
tion  tube.  The  middle  portion,  however,  remains 
uncovered  by  ei)itheliuni  and  presents  heaped-up 
masses  of  polynuclear  cells  on  the  free  surface  of  the 
granulation  tissue. 

A  dog  kept  for  7  months  after  oesophageal 
reconstruction  by  a  granulation  tube  was  in 
satisfactory  physical  condition  during  that 
period.  After  an  early  stage  of  disturbed 
deglutition  accompanied  by  rei)eate(i  regurgi- 
tation of  food,  this  animal  was  able  to  swallow 
fluids  and  mush,  but  no  large  fragments  of 
food.  A  stenosis  of  the  (x,'Soi)hagus  at  the  site 
of  the  granulation  tube  was  noted,  and  it  was 
apparent  that  this  could  have  been  dilated  by 
bougies.  However,  dilatation  was  not  prac- 
ticed because  we  wished  to  learn  if  the  stenosis 
woulfl  be  j)rogressive,  and  thus  vitiate  the 
oi)erative  procedure.  I'he  stenosis  remained 
stationary  anrl  was  found  at  autopsy  to  have 
resulted  in  the  reduction  of  the  normal  circum- 
ference by  about  one-fourth.  Furthermore, 
the  autopsy  showed  that  the  cL'soi)hageaI  ends 
had  \>cr\)  drawn  toward  cac  h  other,  reducing 
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the  original  defect  of  5  centimeters  by  about 
one-half.  The  lining  by  overgrowing  epi- 
thelium was  complete  and  the  new-formed 
"oesophageal  tube"  was  of  the  same  thickness 
and  of  greater  resistance  to  hydrostatic  pres- 
sure than  the  adjacent  oesophageal  wall. 

Experiment  4.  Dog  ig2Q.  Weight,  15  kilograms. 
Operation,  first  stage,  March  iS,  igji.  Isolation  of 
7  centimeters  of  cervical  a'sophagus  by  usual 
technique. 

Second  stage,  Mardi  25.  Resection  of  5  centimeters 
of  oesophagus.  The  tube  was  sutured  in  place  in 
usual  manner. 

April  I.  Weight,  14  kilograms.  Animal  in  good 
condition;  has  been  taking  feedings  of  milk  and 
glucose  water  well.    Does  not  regurgitate. 

April  8.  Three  days  ago  the  tube  became  loose 
and  slipped  into  the  stomach.  The  a-sophagus  was 
probed  but  the  tube  could  not  be  felt.  An  explora- 
tory laparotomy  did  not  reveal  the  tube  in  the 
stomach  or  intestines;  evidently  it  has  been  passed 
per  rectum. 

April  I j.  Weight,  12  kilograms.  I-'or  the  past 
few  days  the  dog  has  been  vomiting  his  milk.  The 
milk  is  kept  down  for  a  short  time  and  is  then 
regurgitated.  Soup  and  finely  divided  pieces  of 
meat  were  tried  with  no  better  result.  The  dog 
swallows  the  meat,  but  it  is  caught  in  an  oesophageal 
dilatation,  due  probably  to  a  lack  of  nervous  inner- 
vation. In  a  few  minutes  the  meat  and  soup  are 
vomited,  some  coming  through  the  fistula,  but  most 
of  the  mixture  coming  out  of  the  mouth.  After  re- 
peated swallowings  and  acts  of  vomiting,  the  food 
remains  in  the  stomach.  Holding  the  animal  up  on 
his  hind  legs  does  not  seem  to  aid  in  keeping  the 
food  down.  Feedings  through  the  fistula  are  to  be 
discontinued;  dog  is  to  get  meat,  soup,  milk  and 
glucose  water  by  mouth  only. 

April  22.  Weight,  10.75  kilograms.  Dog  is  in 
fair  condition,  although  he  still  regurgitates  food. 
A  No.  20  bougie,  when  passed,  meets  an  obstruction 
at  the  region  of  the  fistula  and  passes  it  readily. 

May  II.  The  general  condition  of  the  dog  is 
good.  He  is  very  active,  and  runs  around  normally. 
Fluids  are  kept  down  better.  (Esophagoscopy  by 
Doctor  Yankauer  shows  a  stenosis  at  the  site  of  the 
new-formed  tube. 

May  27.  Weight,  10.75  kilograms.  The  fistula  is 
closed.  A  No.  20  bougie  meets  an  obstruction  at 
this  region  but  passes  it  easily.  The  stricture  is 
apparently  being  gradually  dilated  by  the  passage 
of  food. 

October  17.  Weight,  9.5  kilograms.  During  the 
summer  the  condition  of  the  dog  has  been  good. 
Regurgitation  of  food  has  gradually  become  less, 
although  it  still  occurs. 

Chloroformed. 

Autopsy.  In  the  region  of  the  operation,  thin 
fibrous  tissue  loosely  binds  the  oesophagus  to  the 
surrounding     structures.      There     is     considerable 
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Fig.  3.  Junction  of  normal  oesophagus  arid  replace- 
ment tissue  at  the  end  of  one  week.  Low  power  drawing, 
showing  abrupt  ending  of  normal  epithelium  indicated  by 
heaping  of  cells.  The  newly  formed  epithelium  begins  at 
this  {)oint. 

dilatation  of  the  (rsophagus  above  the  reconstructed 
tube;  the  latter  is  narrowed  by  about  one-fourth 
the  lumen  of  the  normal  (esophagus.  The  new- 
formed  portion  is  4  to  5  centimeters  in  the  fresh  state 
as  represented  by  whitish  tissue  dilTcrent  in  color 
from  the  normal  pinkish  cvsophagus.  It  is  of 
the  same  thickness  as  the  normal  (rsophagus, 
and  when  viewed  from  the  insitle  a  smooth, 
glistening  lining  completely  covers  the  surface, 
bridging  the  area  from  normal  ci'sophagus  above  to 
normal  oesophagus  below.  Very  fine  blood  vessels 
may  be  seen  coursing  from  normal  mucosa  to  the 
regenerated  mucosa. 

With  the  specimen  removed,  active  peristaltic 
waves  starting  from  the  dilated  portion  proceed 
across  the  reconstructed  tube  to  normal  (esophagus 
below;  active  retroiieristalsis  passes  in  similar  fash- 
ion. At  times  it  seems  as  if  the  peristaltic  wave  skips 
the  new-formed  tissue;  at  other  times  a  definite  con- 
traction through  it  isobserved.  This  peristaltic  action 
lasted  for  over  an  hour,  in  the  isolated  specimen,  with- 
out immersing  it  in  any  physiological  fluid  medium. 

Microscopic.  Sections  taken  through  the  area  of 
reconstruction  show,  on  the  surface,  ej^ithelium 
which  has  regenerated  completely,  there  being  no 
tissue  left  uncovered  by  epithelium.  The  new  epi- 
thelium is  similar  to  normal  epithelium  with  perhaps 
the  slight  dilTerence  of  more  highly  developed  pap- 
ill.e.  The  defect  is  occupied  by  fine-meshed  fibrous 
tissue,  which  toward  the  surface  resembles  submu- 
cosa,  and  in  the  depths  is  a  connective  tissue  rich 
in  blood  vessels.  The  tissue  comprising  the  defect  is 
as  thick  as  normal  oesophagus  above  and  below. 


SURGERY.  CVNKCOLOGV  AND  OBSTETRICS 


€? 


;^;:^;,-4;  *^ 


.       3 


-  1        a  -1 


is. 


Fig.  4  (above).  Medium  power  drawing  of  junction  at  the  end  of  one  week, 
showing  ending  of  mucous  glands  and  the  diflerences  between  the  normal  and  newly 
formed  epithelium. 

Fig.  5  (below,  left).  High  power  drawing  of  normal  (esophageal  ei)itheliiim  at 
site  of  first  square  above. 

Fig.  6  (below,  right).  High  power  drawing  of  newly  formed  epithelium  at  site  of 
second  square.  There  are  no  papilla;,  no  flattened  cells  at  surface.  The  nuclei  are 
round  throughout,  active  mitosis  and  leucocylic  infiltration  in  submucosa. 
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As  far  as  the  actual  reconstruction  of  the 
oesophagus  by  a  granulation  tube  is  con- 
ccrncfi.  we  believe  the  flifficulty  would  not 
be  as  great  in  the  human  being  as  in  the 
animal  experiments.  In  the  latter  there  was 
always  the  problem  of  controlling  the  animal 
and  of  retaining  the  implanterl  tube  for  the 
desired  pericxl.  It  proved  impossible  to  pre- 
vent the  swallowing  of  all  .sorts  of  septic 
material  even  in  the  presence  of  a  gastros- 
tomy, dressings  could  not  be  kept  in  j)lace,  etc. 
The  technique,  as  we  believe  it  to  be  ai>j;lica- 
ble  to  the  human  being,  may  be  described  as 
follows:  Following  gastrostomy,  the  first 
stage  of  the  operation  would  be  the  exposure 


of  the  cancer  of  the  thoracic  oesophagus 
through  the  posterior  mediastinum  by  the 
e.\traj)leural  approach  as  described  by  Lilien- 
thal.  An  operable  condition  being  found,  the 
portion  (jf  the  oesophagus  bearing  the  tu- 
mor i.^  isolated  from  surrounding  structures, 
including  the  vagi,  the  branches  entering  the 
neojjlasm  being  sacrificed.  The  isolated  seg- 
ment is  surrounded  by  a  sling  of  rubber  dam 
on  the  outside  of  which  packings  are  placed. 
The  wound  is  left  open  in  large  part  or  com- 
pletely. Superficial  j)ackings  are  changed 
when  necessary,  but  deep  packings  are  left 
unrlisturbed  unless  there  is  evidence  of 
infection  in  the  wound.   It  may  be  mentioned 
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Fig.  7.  Granulation  tube  occupying  defect.  Three 
weeks  after  operation.  Xewly  formed  lube  is  of  a  lighter 
color  than  normal  oesophagus.  Stylet  indicates  fistula 
leading  into  neck. 

Fig.  8.  Same  as  Figure  7,  opened  up,  showing  granula- 
tion tissue  bridging  gap  between  normal  oesophagus  abo\e 
and  below. 


Fig.  9. 

Fig.  g.  Photomicrograph  of  junction  of  normal  oesopha- 
gus and  newly  formed  tissue,  three  weeks  after  operation. 
Section  indicates  ending  of  mucous  glands.  Musculature 
intertwines  with  the  newly  formed  fibrous  tissue.  Regen- 
erated epithelium  very  similar  to  the  normal,  with  well 
de\"elopcd  papilUe. 


Fig.  10  (above).  Specimen  of  cesophagus  and  newly  formed  lube  7  months  after  operation.  Slriclure  narrowing 
lumen  by  one-fourth  normal  diameter  is  shown,  with  dilatation  above.  .         <• 

Fig.  II.  Same  specimen  filled  with  water,  bringing  out  in  contrast  site  of  stricture  which  corresponds  to  that  ot 
the  former  oesophageal  fistula. 
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>[>i(.inifn  opened  up.  Contraction  of 
fiiu^u:aiufc,  ro.on?tructed  area  different  in  color  from 
that  of  adjacent  ni-ophapeal  wall. 

Fig.  13.    Photomicrograph   showing   the    reconstructed 
a   continuous    with    normal    ccsophagus.     The    newly 

:  pas.-iing  that  mediastiiKil  sui)j)uration  can 
be  present  without  clinical  evirlence,  for  in  a 
case  in  the  exi)erience  of  one  of  us  (H.  N.) 
in  which  the  above  described  first  stage 
ofK-ration  was  done,  a  walled-off  collection 
of  pus  in  the  mefliastinum  was  unexi)ectedly 
encountered  at  the  second  stage  operation 
performed  one  week  after  the  isolation  of  a 
cancer  of  the  thoracic  oesophagus.  At  the 
seconrl  stage  ojjeration.  the  section  of  the 
oesophagus  would  be  drawn  toward  the  surface 
of  the  wound  by  traction  on  the  rubber  dam. 
The  oesophagus  would  be  divided  above  and 
below  the  neoplasm,  not  straight  across  but 
obliquely  with  the  idea  of  reducing  stenosis 
of  the  dividcfl  ends.  A  soft  rubber  tube 
would  be  chosen  with  a  diameter  of  the 
fillerl  fx'sophagus.  One  end  of  a  long  strand 
of  .silk  would  be  fastenerl  to  the  tube,  the 
other  end  being  brought  out  of  the  mouth 
and  slrappcfJ  to  the  cheek.  'J'he  rubber  tube 
would  extend  about  4  centimeters  up  and 
down  into  the  cesophageal  ends,  and  fixed 
to  the  wall  of  the  cjesophagus  by  sutures  of 
chromic  gut  passed  transversely  to  cesoph- 
ageal axis,  with  knots  tied  on  the  outside. 
Packings  would  be  loosely  placed  about  the 


farmed  epithelium  is  similar  to  normal  ci)it.lulium.  Juiu  - 
tion  point  is  indicated  by  ending  and  intertwining  of 
muscle  bundles.  The  thickness  of  the  newly  formed 
cesophageal  wall  is  the  same  as  that  of  the  adjacent 
ceso[)hagus. 


rubber  tube  and  the  wound  would  either  \)c 
partly  sutured  or  left  wide  open. 

'J'his  technifjue  of  rubber  tube  implantation 
would  aj)j)ear  to  be  aj)])licable  only  to  (es()i)ha- 
geal  resection  below  the  level  of  the  arch  of  the 
aorta,  and  would  probably  have  to  be  modified 
for  tumors  oi)j)()site  or  directly  above  the 
arch.  In  a  patient  o])erated  ui)on  by  one  of 
us  (H.  N.)  in  whom  the  neoj)lasm  lay  directly 
above  the  arch,  the  tumor-bearing  i:)ortion  of 
the  CEsophagus  was  isolated  and  the  (Esopha- 
gus stripped  free  up  to  the  root  of  the  neck. 
It  was  then  divided  below  the  neoplasm  and 
a  rubber  tube  sutured  in  place.  The  wound 
was  packed  with  gau/c  and  left  open.  'J'he 
patient  died  of  hienK^rrhage  from  an  inter- 
costal artery  9  days  after  the  lirst  stage 
oi)eration.  It  was  planned  at  the  second  stage 
to  ex[)ose  the  (esoi)hagus  in  the  neck,  draw 
Ihc  I  umcjr-bearing  j)ortion  into  the  cervical 
w(;uiid,  divide  the  (esophagus  above  the 
growth  here,  draw  rubber  tube  into  neck  and 
suture  it  to  the  uf)per  (esophageal  stump. 

(Clinical  experience  will,  of  course,  be  neces- 
sary to  determine  if  results  similar  to  those 
noted  in  the  animal  experiments  can  be 
obtained,  and   whether  a  one- or  two-stage 
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operation  will  be  required.  From  our  studies, 
however,  we  believe  it  justifiable  to  advo- 
cate the  reconstruction  of  short  oesophageal 
defects  such  as  those  encountered  in  resec- 
tion for  cancer,  by  the  granulation  tube 
method  we  have  devised. 

SUMM.4RY 

A  simple  experimental  method  has  been 
devised  in  which  a  granulation  tube  is  em- 
ployed for  the  reconstruction  of  the  oesoph- 
agus after  its  resection. 

Fatal  mediastinal  infection  follows  its  at- 
tempt in  one  stage. 

The  two-stage  operation  is  successful.  In 
the  first  stage  the  section  of  oesophagus  to  be 
removed  is  isolated  and  in  the  second  stage 
it  is  resected  and  a  rubber  tube  is  implanted. 

A  granulation  tube  forms  with  epithelial 
overgrowth  from  the  oesophageal  ends  begin- 
ning in  one  week  and  becoming  extensive  at 
the  end  of  3  weeks. 

The  longest  period  of  observation  was 
7  months  after  operation.  In  this  case  the 
new-formed  tube  was  well  developed  and 
completely  lined  by  oesophageal  epithelium. 
A  partial  stenosis  appeared  soon  after  opera- 
tion but  was  not  progressive. 


The  method  is  advocated  as  applicable  for 
reconstruction  of  the  oesophagus  after  resec- 
tion for  cancer. 
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ANALYSIS    OF    METHODS    OF    MODERN 
MEDICAL    EDUCATION* 


WILLIAM    COGSWELL    CLARKE,    M.D. 

XEW     YORK 


The  dilemma  which  confronts  us  today  in  any  consid- 
eration of  medical  education  is  two  horned.  On  the 
one  hand  we  have  the  vast  and  ever-increasin,^  fund 
of  information  that  must  be  given  to  the  student,  and 
on  the  other,  the  shortness  of  the  allotted  time  in  which 
to  give  it  to  him.  Methods  of  teaching  must  be  found 
that  are  best  suited  to  the  majority  of  students,  and 
that  will  serve  to  prepare  them  for  the  practice  of 
medicine  or  for  a  life  of  research.  What  should  be 
taught  must  also  be  decided.  The  good  and  the  bad 
in  past  and  present  medical  education  must  be  remem- 
bered in  order  to  solve  this  problem.  Present  methods 
have  failed  to  deal  adequately  with  the  difficulties  of  the 
situation,  and,  if  they  are  persisted  in,  the  purposes  of 
the  medical  school  will  be  increasingly  defeated. 

The  day  of  the  morphologic  ultramechanical  impress 
on  medicine,  inculcated  by  the  continuous  study  of  dead 
tissues,  has  passed.  The  life-giving  conceptions  which 
the  study  of  physical  chemistry  has  given  to  all  chem- 
istry must  be  developed  in  advancing  medicine.  Med- 
icine must  thus  vitalize  its  anatomy,  its  phvsiology  and 
its  pathology'. 

The  medical  schools  as  never  before  must  develop 
the  scientific  spirit  in  research  and  in  their  teaching. 
The  scientific  spirit  is  that  which  influences  a  man  to 
seek  evidence  and  to  seek  it  whole  heartedly  and  dis- 
passionately, whether  it  proves  him  right  or  wrong. 
No  effort  in  science  is  wasted  except  the  insincere 
effort.  No  medical  school  can  reach  tlie  heights  in 
education  and  continue  on  such  a  plane  without  this 
development  in  its  ideals. 

•  From  the  Department  of  Surgery,  Columbia  University  College  of 
Physicians   and    Surgeons. 


IMPORTANCE     OF     "PREMEDU  AL     EDICATION'" 

In  this  consitleratioii  of  medical  education,  no  analysis 
has  been  made  of  the  most  important  and  difticult 
problem  of  "premedical"  ^  education  partly  because  it 
is  impossible  to  do  it  justice  and  treat  it  as  a  subheading 
of  the  topic  under  consideration.  Ideally,  the  student 
shouKI  learn  of  the  relationship  of  the  fundamentals 
of  kni)\vledge  at  as  early  an  age  as  possible.  His  under- 
standing of  the  interrelations  of  philosophy,  ethics, 
biology  and  physical  chemistry  should  be  so  thoroughly 
cultivated  as  to  become  of  the  nature  of  an  essence, 
not  a  veneer.  And  this  knowledge  of  the  sciences  must 
rest  on  a  foundation  of  history  and  of  the  classics. 
Such  students  would  solve  many  of  the  problems  of 
medical  education  and  make  a  suitable  complement  for 
able  instructors. 

The  reorganization  of  medical  education  may  be 
considered  under  five  main  subjects:  (1)  teachers; 
(2)  students;  (3)  the  subject  matter  included  in  a 
medical  course ;  (4)  methods  of  teaching  and  of  study, 
and  (5)  the  chief  aims  in  medical  education  and  the 
present  hindrances  to  their  attainment. 

TEACHERS 

A  teacher  is  one  who  interests  students  in  learning 
so  that  they  endeavor  to  acquire  knowledge  for  its 
intrinsic  value.  The  fundamental  difficulty  lies  with  the 
teachers  themselves.  Boas-  says:  "Intelligence  does 
not  come  from  the  acquisition  of  facts ;  intelligence  is 
insensitive  to  a  mere  fact ;  it  reacts  only  to  ideas.  .  .  . 
The  issue  is  the  education,  not  of  the  student,  but  of 
the  teacher." 

Good  teachers  must  not  only  be  intelligent :  they 
must  understand  and  sympathize  with  the  student's 
outlook,  be  able  to  keep  alive  the  student's  interests. 
A  good  teacher  feels  that  he  learns  from  his  own  stu- 
dents through  an  intimate  association  with  their  ideas. 
It  is  only  through  a  constant  revaluation  of  his  own 
methods  in  the  light  of  student  opinion  and  by  com- 
parison with  his  colleagues  that  he  can  hope  to  grow. 

1.  "Prctncdical"  courses  arc  Riven  in  many  colleges.  They  attempt 
*'■  -  ■■■'■   -"^ysics,  chemistry  and  biology  to  remedy  the  dogma  of  authority 

.nd    kindergarten.       Until     the    teachings    of    primary    schools 
■      thinking     powers,    an     introductory     medical     course    should 

»:;.;•::■  !.t    earlier    education    by    attempting    to    develop    the    students' 

minds   in   Accking   the   truth. 

2.  B'/as.  Ge'TTgc:  What  Do  Teachers  Know?  Atlantic  Monthly,  May, 
1921. 


Who,  indeed,  can  teach  ably  year  after  year,  isolated 
from  all  ideas  and  criticism  except  his  own? 

The  effect  on  the  students  of  the  personality  and 
attainm.ents  of  able  men  is  well  recognized.  Their 
undefinable  influence  may  be  profoundly  felt  through- 
out an  entire  school ;  it  may  be  as  inspiring  and  dynamic 
as  that  of  a  Pasteur.  Until  schools  make  every  effort 
to  select  for  teachers  men  of  stimulative  personality, 
most  teaching  institutions  will  continue  to  be  crowded 
with  "good  hearted,"  acquiescent  individuals. 

Continuance  of  Poor  Teachers. — Much  blame  must 
be  laid  at  the  door  of  those  who  appoint  the  inferior 
teachers.  Possibly  their  appointment  may  be  excused, 
but  the  policy  common  to  so  many  medical  schools, 
of  allowing  them  to  remain  year  after  year,  cannot  be 
forgiven. 

Student  Advice. — One  of  the  main  reasons  for  the 
continuance  of  poor  teachers  and  poor  methods  in  the 
medical  schools  is  that  student  opinion  is  looked  down 
on.  The  bitterest  criticism  by  students  at  once  changes 
into  the  most  helpful  advice  as  soon  as  they  realize 
that  they  are  listened  to  without  prejudice  and  with 
sympathy.  In  a  successful  business,  because  success 
is  dependent  on  output,  complaints  and  advice  of  con- 
sumers are  never  ignored.  Dickenson  Miller  has  pointed 
out  that  "each  professor  knows  only  his  own  classroom, 
and  the  dean  knows  all  the  professors  but  not  all  their 
classrooms,  while  the  students  alone  have  a  survey 
over  the  entire  curriculum  and  see  all  the  classrooms." 

"Student  advice"  does  not  in  any  way  refer  to  the 
partisan,  back-stairs  gossip  of  student  cliques,  telling 
the  teacher  only  what  they  think  he  wishes  to  hear. 
By  student  advice  is  meant  the  general  student  opinion 
of  the  methods  of  the  individual  teachers,  wiio  hold 
their  interest,  who  aid  them  to  think,  and  under  whom 
they  gain  related  knowledge. 

When  the  private  quiz  system  was  in  vogue,  some 
quiz  masters  continued  to  teach  year  after  year,  for 
they  were  the  ones  from  whom  the  students  learned. 
The  mediocre  and  poor  teachers  discontinued  their  quiz 
within  a  few  years.  With  roll-calls  and  compulsory 
attendance  at  college  quizzes,  this  effective  and  silent 
criticism  has  been  lost,  and  the  teacher  who  is  not 
teaching  has  found  a  sinecure  in  those  medical  schools 
in  which  the  student's  spoken  opinion  is  not  regarded. 


In  universities  in  wliich  tlie  courses  are  all  electives, 
the  useless  teacher  is  automatically  eliminated.  The 
decent  system  in  vogue  in  German  universities  recog- 
nizes the  value  of  student  opinion  to  such  an  extent 
that  the  man  who  desires  to  teach  after  he  has  qualihed 
as  a  docent  is  simply  given  a  room  to  teach  in.  If  the 
students  come  to  hear  him  and  take  his  courses,  he 
is  considered  a  successful  teacher,  and  it  is  from  the 
successful  docents  that  the  professors  are  chosen. 

thl:    students 

Professor  N.  B.  Pillsbury  has  drawn  our  attention 
to  the  fact  that  "one  of  the  chief  functions  of  education 
is  selection.''  Education  does  not  make  stupid  people 
intelligent,  it  tuerely  aids  in  selecting  the  intelligent  and 
develops  their  potentialities. 

Though  the  average  ability  of  the  students  entering 
a  medical  school  remains  about  the  same  year  after 
year,  there  are  striking  mental  and  physical  differences 
among  these  "selected"  men.  Their  perceptive  power- 
varies  greatly ;  some  learn  best  by  their  eyes,  a  few 
by  their  ears.  No  two  of  them  have  the  same  affective 
response  to  any  situation.  This  response  differs  greatly 
even  in  a  single  individual  from  day  to  day.  A  good 
teacher  is  aware  of  these  potentialities  in  individual 
students.  He  makes  use  of  as  many  "affects"  as  pos- 
sible to  teach,  to  stimulate  and  interest  them.  He  finds 
those  most  nearly  attuned  to  his  own  emotional  response 
the  ones  most  helped  by  his  personality. 

The  students'  early  education — their  surroundings, 
whether  sons  of  doctor,  lawyer,  soldier  or  sailor,  have 
all  produced  an  effect.  A  way  must  be  found  to  help 
those  who  have  not  had  previous  opportunities  to 
acquire  something  of  the  outlook  which  comes  from 
a  scientific  and  an  intelligently  critical  atmosphere.  If 
the  school  hopes  to  raise  its  standard,  some  system  of 
selecting  tho.se  desirable  must  be  employed  other  than 
using  high  school  and  college  "marks."  In  fact,  if 
[X)ssible,  the  aptness  of  students  for  medicine  and  their 
general  honesty  of  purpose  should  be  determined  before 
they  are  accepted.  Methods  which  inspect  the  stu<lents 
— those  about  to  enter  and  those  already  enrolled— from 
every  angle,  mental,  moral  and  physical,  will  help  in 
selecting  the  best  to  practice  medicine. 


SUBJECTS     TO     BE     TAUGHT 

Too  much  is  forced  into  the  schedule  today.  That 
there  should  be  an  extensive  reduction  in  the  number 
of  required  hours  will  readily  be  granted ;  but  the 
manner  in  which  this  should  be  done  is  still  undecided. 
The  long  standing  lack  of  sympathy  between  the  pure 
scientist  and  the  pure  clinician,  each  seeking  to  over- 
emphasize one  side  of  medicine,  is  a  ditTicult  com- 
plication. 

The  brunt  of  this  lack  of  sympathy  has  fallen  on  the 
student,  and  it  is  for  him  that  the  two  must  be  brought 
together.  Medicine  must  make  all  developments  of 
pure  science  eventually  of  practical  use.  The  pure 
scientists  must  be  asked  for  the  rmswers  to  the  problems 
of  life.  Therefore,  for  a  medical  school  to  do  the 
most  for  its  students,  these  links  in  knowledge  must 
be  continually  fitted  into  the  chain  of  education.  The 
students  who  wish  to  go  into  pure  science  are  entitled 
to  every  opportunity  in  the  medical  school.  At  the 
same  time,  the  community  has  every  right  to  expect 
that  medical  schools  shall  always  provide  the  best  for 
those  who  are  to  become  practitioners  of  medicine. 

It  is  evident  that  subjects  of  great  importance  to 
modern  medicine  have  as  yet  found  no  place  in  our 
curriculum.  There  is  a  continuous  up  and  down  in 
the  estimated  value  of  methods  of  diagnosis  and  of 
therapeutics.  Scientific  knowledge  concerning  the 
relation  of  mental  to  bodily  disease,  and  the  methods 
of  understanding  and  dealing  with  the  resulting  com- 
plexities, have  been  ignored  almost  to  exclusion  in 
many  departments.  Psychology  has  too  intimate  a 
relation  to  the  science  of  healing  to  permit  a  first  class 
medical  school  to  exclude  it. 

In  many  schools,  biology  has  been  approached  purely 
structurally.  The  angle  worm  and  the  frog  have  been 
dissected.  The  ameba  and  the  Paramecium  have  been 
drawn.  It  has  not  effectively  developed  the  basic 
conceptions  of  life  and  its  interrelatedness.  The  tissues 
have  been  treated  as  if  dead  ;  or,  if  alive,  separated  from 
the  dynoplasm  2  of  the  animal.  Biology  should  tell 
of  the  interrelation  of  the  living  cell  with  its  environ- 
ment, of  heredity  and  of  the  energetics  of  living  tissues, 
and  act  as   a  direct  introduction  to  bacteriology,   to 


3.  Dynoplasm:  a  term  to  suggest  the  inscparabilitv  of  the  energy 
manifestations  of  the  living  tissues:  the  inseparability  of  physicochcmical 
actions   and    of   substance. — H.    A.    Murray. 


histolog}-,  to  einbryologv,  aiul  particularly  to  nicdicine 
and  surgery. 

In  any  schedule  riaws  ami  omissions  can  be  found. 
Vet  "touchinij  on"  .so  many  subjects  has  led  to  much 
of  the  superhcial  study  of  the  present  day.  The  thing 
to  be  learned  is  how  to  evaluate  knowledge.  Such 
evaluation  can  best  be  reached  by  concentration  and  by 
correlated  study  in  all  their  ramifications  of  a  few 
subjects  which  best  lend  themselves  to  provide  a  back- 
ground of  medical  knowledge. 

Elective  courses  through  which  the  students  may 
fit  themselves  more  fully  for  one  or  another  phase  of 
medical  work  play  at  present  practically  no  part  in 
many  curriculums,  so  that  only  through  the  required 
courses  does  either  i)urc  scientist  or  clinician  meet  the 
students. 

METHODS     OF     TEACHING     AND     OF     STUDY 

The  greatest  faults  are  those  of  commission ;  too 
much  is  being  taught,  and  the  material  taught  is  unco- 
ordinated. The  different  methods  by  which  students 
have  been  prepared  to  become  fit  to  practice  medicine 
may  be  condensed  into  four  general  groujxs : 

Group  1,  in  which  the  student  attends  passivelj-,  is  con- 
stantly guided,  dependent  on  the  experience  of  others ;  A, 
the  lecture;  B,  assigned  textbook  study ;  C,  laboratory  demon- 
stration and  clinical  presentation  of  cases. 

Group  2,  in  which  the  student  both  listens  and  talks  :  the 
quiz,  conference  and  discussion. 

Group  3,  in  which  the  student  observes,  reports  and  dis- 
cusses: experiments  and  cases  in  the  dissecting  room,  labora- 
tory and  clinic. 

Group  4.  in  which  the  student  takes  the  entire  responsibility: 
student  experimentation  and  investigation,  cither  in  the 
laboratory  or  in  the  study  of  cases  in  hospital  or  dispensary. 

Groi.'I*  1. — In  which  the  student  altentls  j^assively, 
is  constantly  guided,  flependent  on  the  ex])eriencc  of 
others.  A.  Lecture  System. — Under  this  method  of 
teaching,  the  relation  between  stuflent  and  teacher  is  at 
its  thinnest.  The  teacher  cannot  really  know  what 
eflfect  his  words  are  havj-ng  on  the  students  individually. 
Some  lecturers  almost  expect  the  .students  to  take 
stenographic  reports  of  their  lectures,  anrl  many 
attempt  to  do  so,  swallowing  undigested  the  material 
handed    out    to   them.      The    mental    strain    of    madly 


writing^  down  what  they  hear  hour  after  hour,  and 
of  attempting  to  think  at  the  same  time,  is  bitterly 
fatiguing.  If  the  lecturer  is  good,  there  is  a  constant 
sense  of  disturbance  due  to  the  fact  that  there  is  no 
outlet  for  the  stimulus  he  creates.  To  those  who  do 
not  take  notes,  the  lecture,  as  one  professor  of  biology 
remarked,  "is  a  method  by  which  the  student  is  enabled 
to  lean  back  perfectly  at  leisure  and  observe  the  personal 
peculiarities  of  the  lecturer.  Moreover,  it  is  ,a  kind 
of  a  sedative,  an  opiate  to  all  parties,  by  which  in  the 
presence  of  a  thin  substitute  for  education,  they  are  able 
to  forget  the  aching  need  of  the  reality."  In'  lectures, 
as  one  college  professor  has  put  it,  "the  ears  do  most 
of  the  work,  using  only  one  of  the  senses.  In  order 
to  fix  a  subject  in  a  student's  mind,  he  must  experience 
the  things  talked  about." 

Aside  from  these  real  faults  of  the  method,  it  is  the 
one  almost  invariably  used  by  the  poorest  teachers. 
The  students  speak  of  most  lecturers  as  purveying 
cut  and  dried  or  "canned"  knowledge,  in  that  they 
follow  some  favorite  or  personally  written  textbook. 
The  lecturer  often  uses  the  same  notes  year  after  year, 
unaware  of  their  weaknesses.  This  could  not  happen 
so  often  if  the  students  could  be  persuaded  to  ask 
questions  during  the  hour,  or  could  rememl)er  what  to 
ask  about  at  the  end,  and  if  there  were  real  opportunity 
to  do  so.  But  questions  are  rarely  asked,  and  the 
lecturer  rarely  comprehends  his  audience ;  he  uncon- 
sciously presents  blocks  of  knowledge,  the  relationship 
of  which  is  not  evident  to  the  student.  Small  gaps  or 
defects  in  the  presentation  of  a  subject  are  stimulating 
to  the  student  who  attempts  to  fill  them  in  by  mental 
effort  and  thus  is  led  to  think  and  to  reason.  But  if 
the  breaks  are  too  great  or  too  numerous,  no  amount 
of  mental  effort  will  make  the  student  able  to  keep 
up  with  the  train  of  thought,  and  he  will  eventually 
cease  to  supply  the  gaps  between  the  bits  of  new  infor- 
mation and  the  familiar  knowledge  given. 

A  plea  for  the  lecture  system  is  that  much  time  is 
saved  for  a  busy  man,  who  may  talk  to  a  large  class ; 
but  this  is  a  poor  argument  in  the  eyes  of  the  students, 
unless  the  lecturer  gives  more  than  can  be  found  in  a 
textbook.  The  lecture,  however,  is  a  simple  and 
valuable  means  of  leading  the  student  safely  through 
a  new  and  difficult  ]irocess  of  thought.    .\  good  lecturer 
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can  do  this  bettor  than  any  book,  and  at  tar  less 
expenditure  of  time  and  waste  of  effort  on  the  part 
of  the  student ;  but  he  must  be  an  unusual  teacher, 
one  who  can  think  more  rapidly  than  his  students, 
and  who  can  feel  intensely  whether  or  not  the  latter  are 
following  his  argument.  He  must  state  conflicting  ideas 
without  prejudice,  and  explain  the  process  of  reasoning 
by  which  he  has  arrived  at  his  own  opinions.  The  man 
who  comes  fresh  from  his  personal  activities,  whether 
from  the  clinic  or  the  laboratory,  and  talks  vividly  of 
his  work,  gives  much  more  than  mere  facts,  in  that  he 
instils  enthusiasm.  The  value  of  such  a  man  as  a 
teacher  and  inspirer  can  scarcely  be  overestimated. 
His  stimulation  leaves  the  student  in  a  sensitized  frame 
of  mind. 

Good  lectures,  if  few  and  scattered,  are  useful,  but 
good  lecturers  are  rare.  Further,  if  many  good  lectures 
were  used,  their  composite  elTect  would  still  be  fatigu- 
ing;  collectively,  they  would  defeat  just  what  makes 
any  single  lecture  a  success. 

The  fact  that  there  is  frequently  no  textbook  arrange- 
ment which  fits  the  curriculum  of  a  school  makes  it 
impossible  to  abolish  the  lecture  system  completely, 
without  loss  of  its  correlating  tendency. 

Whatever  the  value  of  a  single  lecture,  a  long  series 
of  scheduled  lectures  in  a  day  is  educationally  unsound. 
The  students  say  that  by  the  third  hour  they  have 
fallen  into  a  sort  of  daze,  and  that  by  5  o'clock  they 
are  mentally  paralyzed,  utterly  unfitted  for  the  evening's 
work. 

B.  Textbooks. — These  are  invaluable,  if  several 
opinions  on  subjects  are  made  avnilable  and  if  the 
student  is  fully  aware  that  usually  each  book  represents 
merely  the  opinion  of  one  man.  Too  often  assigned 
reading  is  from  those  books  alone  which  agree  with  a 
teacher's  opinion.  .Students  frequently  complain  that 
if  they  do  not  recite  according  to  the  assigned  text, 
their  statements  are  held  as  wrong  even  though  they 
follow  other  authority.  The  teacher  who  assigns  so 
many  pages  per  lesson  and  asks  in  recitation  for  an 
unassimilated  return  of  the  material,  lays  his  qualifi- 
cations as  a  teacher  open  to  serious  doubts.  Unfor- 
tunately, such  use  of  books  tends  to  fix  even  more 
firmly  in  students'  minds  the  fallacy  that  tlie  printed 
word  must  be  true. 


Even  books  that  record  only  those  observations  which 
the  w^riter  regards  as  facts  must  not  be  thought  of  as 
authoritative.  If  the  student  reads  opposed  statements, 
made  in  all  honesty  by  two  or  more  "authorities,"  the 
experience  is  convincing  that  all  books  must  be  handled 
with  mental  care  and  read  without  prejudice. 

C.  Laboratory  Demonstration  and  Clinical  Presenta- 
tion of  Cases. — These  should  be  distinguished  from 
laboratory  and  clinical  work,  in  which  the  specimens, 
cases  and  experiments  are  handled  directly  by  the  stu- 
dents. A  series  of  specimens  or  cases  is  lectured  on 
and  exhibited;  the  students  are  passive  listeners,  and 
even  those  in  the  front  rows  can  see  but  little,  rarely 
anything  that  they  are  not  told  to  see.  Here,  again  the 
students'  powers  of  critical  observation  of  the  facts 
presented  are  but  little  developed. 

The  method  may  have  some  uses,  however ;  for 
instance, in  the  presentation  of  some  difficult  experiment, 
the  technic  of  which  requires  so  much  time  or  is  so 
difficult  that  the  student  is  incapable  of  doing  it  himself ; 
or  in  the  exhibition  of  some  exceedingly  rare  and  seldom 
seen  clinical  case,  such  as  anthrax  or  leprosy.  Quite 
aside  from  what  the  student  may  learn  of  the  clinical 
case  presented  is  the  inspiration  which  he  will  often 
acquire  from  watching  an  instructor  who  is  an  adept  in 
the  art  of  extracting  all  the  essential  facts  about  a 
patient,  while  at  the  same  time  gaining  his  complete 
confidence. 

Group  2,  in  which  the  student  both  listens  and  talks. 
— The  quiz  conference  and  discussion.  These  may  be 
regrouped  either  under  an  autocratically  dogmatic  pro- 
cedure or  a  Socratic  procedure.  The  dogmatic  method 
suits  many  teachers,  since  they  can  more  readily  follow 
one  textbook,  and  pleases  some  students,  who  then 
receive  blocks  of  knowledge  as  facts  which  can  be 
readily  pigeon-holed  in  mind  and  note  book,  to  be  turned 
in  at  examination  time.  With  the  Socratic  method,  the 
teacher  is  under  more  of  a  strain  ;  he  must  be  mentally 
alive,  continually  matching  his  wits  against  the  stu- 
dents'. By  their  example,  teachers  in  this  way  lielp 
the  students  to  think  and  to  weigh  evidence,  and  thus 
to  build  up  for  themselves  coordinated  knowledge. 

The  dogmatic  procedure  does  not  train  the  student 
to  think  ;  it  teaches  him  only  to  remember.  The  objec- 
tions to  it  are  practically  the  same  as  the  objections 
to  the  didactic,  dogmatic  lecture  already  discussed. 
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The  Socratic  method,  in  which  the  teacher  and  tlie 
students,  by  questions  and  answers,  proceed  from  one 
bit  of  knowledge  to  another,  because  there  are  definite 
connecting:  links,  can  be  used  only  by  teachers  thor- 
ouj::hly  familiar  with  their  own  and  interrelated  sub- 
jects. The  students  are  continually  oriented  as  they 
proceed.  This  method  forces  the  teacher  to  be  aware 
of  the  students'  mental  equii)ment  and  proijress. 

In  the  quiz  and  conference,  the  student  need  not 
sit  jiassivelv  awaitinj^  his  turn,  and,  havint;-  recited,  sink 
into  a  safe  and  sleepy  neutrality  ;  he  can  take  a  large  part 
in  the  constructive  work — how  great  a  part  is  dependent 
especially  on  the  ability  of  the  teacher,  but  also  on  the 
development  of  the  student. 

The  essence  of  merit  in  the  cjuiz  conference  method 
is  that  coordination  of  subjects  can  be  assured.  This 
coordination  in  knowledge  tends  to  develop  an  aware- 
ness of  what  is  imi:)ortant  or  unimportant  in  each 
subject.  Thus,  the  student's  burden  is  trimmed  with 
discrimination  as  he  proceeds. 

Groi'P  3,  in  which  the  student  observes,  reports  and 
discusses  specimens,  experiments  and  cases  with  which 
he  has  come  into  direct  contact  in  the  laboratory  and 
clinic. — By  this  method,  the  students  are  forced  not 
only  to  think,  but  also  to  see  for  themselves.  That 
they  are  desperately  in  need  of  such  development  is 
evident  each  time  we  hear  them  say,  "I  do  not  know 
what  I  am  expected  to  see,"  or,  on  the  other  hand,  when 
they  see  or  hear  what  they  are  told  to,  even  if  k  is 
not  present :  they  can  always  feel  a  spleen. 

The  good  teacher  who  understands  the  possibilities  in 
coordination  of  topics  usually  also  appreciates  the 
differences  in  students'  powers  of  observation  and 
mental  development.  Under  the  method  of  individual 
study,  he  has  opiX)rtunity  to  lead  each,  step  Ijy  step, 
to  observe  and  to  understand  what  he  sees.  If  stu- 
dents are  first  shown  complicated  specimens  or  cases, 
they  become  confused  and  acquire  less  knowledge  than 
when  they  begin  with  simpler  ones.  Their  studies 
must  always  be  related  with  one  another  and  with  bits 
of  knowledge  already  possessed.  The  success  of  this 
method  for  many  students  is  dependent  on  the  ability 
of  the  teachers,  since  the  present  day  premedical  devel- 
opment has  not  been  such  as  to  make  students  able  to 
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On  the  other  hand,  this  method  is  intensely  stimulat- 
ing to  those  well  equipped,  able  to  observe  and  learn 
without  constant  help.  It  is  also  an  important  aid 
in  the  selection  of  the  most  desirable  students.  The 
students  who  memorize  facts  and  do  well  through  their 
accuracy  in  presenting  them,  who  are  able  to  graduate 
at  the  top  of  their  class  through  marks  thus  received,  do 
not  always  shine  when  acquiring  knowledge  by  personal 
observation  and  when  they  are  forced  to  think  for 
themselves.  This  is  no  criticism  of  any  student  with 
a  good  memory :  only  of  those  whose  memories  alone 
commend  them.  Such  students  are  not  of  the  type 
who  advance  general  knowledge  or  who  make  good 
physicians ;  they  should  be  recognized  and  taught  to 
think,  not  encouraged  by  good  marks  to  a  false  sense 
of  their  superiority.  Individual  observation  forces  each 
man  to  use  his  own  senses,  not  accepting  the  evidence 
of_ another;  reporting  such  observations  requires  of  him 
an  accuracy  that  he  is  willing  to  defend ;  interpreting 
them  requires  of  him  judgment  and  use  of  bits  of 
knowledge  previously  acquired ;  and  discussing  them 
gives  him  an  opportunity  to  defend  his  position  and 
become  aware  of  the  degree  of  validity  of  his 
judgments. 

Group  4,  in  which  the  student  takes  the  entire 
responsibility :  student  experimentation  and  investiga- 
tion.— Independent  study.  This  is  comparable  to  the 
"honors"  system  prevalent  in  English  universities, 
wherein  the  student  is  free  to  study  in  his  own  way 
and  is  himself  the  judge  of  the  time  when  he  feels 
fitted  to  present  himself  for  his  examinations.  Aside 
from  the  general  basic  knowledge  required  to  i)ursue 
the  course  he  has  chosen,  he  is  free  to  follow  up  the 
subjects  that  interest  him  most;  always  with  the  hoIi> 
and  guidance  of  a  tutor,  who,  though  he  is  usually  an 
instructor  or  research  worker  in  one  branch  of  science, 
must  have  his  knowledge  so  well  correlated  that  he  will 
be  able  to  guide  the  student  in  all  branches.  Examina- 
tions under  this  system  come,  not  as  a  lock  to  close 
forever  any  part  of  the  student's  mind  deemed  by  the 
professor  to  be  sufficiently  crammed,  l)Ut  as  a  kev  m 
give  the  student  a  further  understanding  of  the  relation- 
ship between  the  masses  of  knowledge  he  has  accumu- 
lated throughout  the  vears. 
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This  method  of  independent  study  may  not  be  prac- 
tical for  the  average  medical  student  of  today,  but  is 
it  not  worth  while  to  give  to  the  better  men  a  special 
chance  to  develop,  even  if  they  are  an  extremely  small 
minority?  Since  this  "method  tends  to  develop  the 
resourcefulness  of  the  capable  student,  it  at  least  can 
be  combined  in  many  ways  with  a  didactic  scheme. 
With  sufficient  free  time  granted  in  the  schedule,  a 
student  may  study  and  experiment  for  himself  under 
the  heads  of  any  of  the  main  laboratory  courses. 
Paternalism  does  not  tend  toward  individual  develop- 
ment :  there  is  failure  to  throw  the  student  on  his  own 
resources  in  not  forcing  him  to  think.  A  method 
which  permits  students  to  work  independently  and  does 
not  so  carefully  guard  them  that  errors  may  not  occur 
in  experiments  and  observations  tends  to  force  each 
student  to  formulate  his  own  conclusions.  Thus,  in 
spite  of  much  poor  teaching,  the  intelligent  students  will 
educate  themselves,  learning  to  weigh  evidence  and, 
through  experience,  acquire  judgment. 

DEVELOPMENT     OF     THE     STUDENT 

What  is  it  that  a  school  through  all  these  methods  of 
teaching  seeks  to  develop  in  the  student?  Whether 
he  is  to  become  a  pure  scientist  or  a  practitioner,  in 
order  to  accomplish  most  for  himself  and  others,  must 
he  not,  as  a  student,  acquire  a  truly  scientific  habit  of 
mind?  He  will  then  in  j^-actice  make  use  of  available 
knowledge  without  prejudice.  From  the  asf)ect  of  pure 
science,  the  value  of  this  attitude  is  generally  acknowl- 
edged ;  but  from  the  standpoint  of  the  community,  this 
attitude  for  the  clinician  is  even  more  important.  For 
is  it  not  through  the  practitioner  that  practical  applica- 
tion is  made  of  the  discoveries  in  science?  In  fact, 
is  it  not  probable  that  much  of  the  lack  of  sympathy 
between  the  laboratory  worker  and  the  clinician  has 
been  engendered  Ijy  the  failure  of  the  clinician  so  often 
to  make  full  application  of  science  in  his  practice  and 
by  the  failure  of  the  laboratory  worker  to  develop  a 
truly  scientific  spirit  in  future  practitioners  while  they 
are  students? 

INCULCATION     OF     SCIIOLAKSHIP 

The  inculcation  of  a  high  degree  of  scholarship  and 
an  insistent  craving  for  knowledge  as  something  ifleal 
is  also  most  desirable.    If  those  who  have  been  taught  at 
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the  College  of  Physicians  and  Surgeons,  New  York, 
in  the  dissecting  room  at  any  period  during  the  last 
thirty  years,  will  analyze  that  experience,  they  will  see 
that  Dr.  George  S.  Huntington's  impress  on  them  to 
do  well  witli  honesty  of  purpose  was  of  much  more 
value  than  the  knowledge  of  anatomy  they  acquired. 

ENCYCLOPEDIC     TEACHING 

Have  not  medical  schools  fallen  into  the  error  of 
feeling  that  they  must  pack  into  the  students'  minds 
great  masses  of  facts,  more  or  less  useless,  but  which 
must  be  found  in  that  encyclopedia  of  medical  informa- 
tion, the  completely  educated  student?  Why  attempt 
the  impossible?  Must  he  not  "practice"  medicine  dur- 
ing the  rest  of  his  life  before  his  education  can  be 
completed?  If  the  teacher  of  long  ago  realized  this 
when  he  adopted  the  word  "practice,"  how  can  it  be 
hoped  that  all  knowledge  of  medicine  can  be  imparted 
at  the  present  time  in  four  years  ? 

Should  not  medical  education  rather  aim  to  have 
students  able  to  judge  what  is  important  and  what  is 
unimportant,  or  at  least  to  give  them  an  opportunity  to 
undergo  experience  and  to  practice  their  judgment? 
They  "are  then  better  qualified  to  be  on  the  lookout  for 
evidence,  and  to  evaluate  it  as  they  find  it.  No  teacher 
can  lay  down  rules  for  discovering  the  important  or 
unimportant,  whiie  the  general  teachers  of  anatomy,  of 
bacteriology,  of  chemistry,  of  histology  and  of  pathology 
must  treat  all  fields  as  of  equal  importance. 

Until  there  is  a  close  coordination  of  the  needs  of 
many  specialists,  unimportant  details  will  still  seem  to 
the  student  to  be  of  equal  value  with  the  most  important. 

RELATEDNESS 

Should  not  medical  education  particularly  aim  to 
link  for  the  future  practitioner  of  medicine  all  special- 
ties so  that  their  relatedness  may  be  ever  before  liim? 
Students  are  lost  in  the  maze  of  seemingly  crntradictory 
statements  of  specialists.  What  the  gynecologist  teaches 
seems  to  contradict  the  teachings  of  the  urologist,  and 
the  obstetrician  disagrees  with  lioth,  simply  because  each 
does  not  know  of  the  needs  of  the  other.  Cooperation 
and  interdepartmental  sympathy  with  the  necessities 
of  specialists  would  not  only  save  time  in  the  stud> 
of  medicine,  but  would  give  the  students  this  much 
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needed   interlinking  t^f   the  jinrts  to   iorm  an   orderly 
whole. 

Relatetiness  is  essential  for  comparison,  and  it  is  on 
comparisons  that  knowledge  is  built.  It  is  necessary 
that  topics  and  subjects  be  overla]>ped.  Therefore,  no 
topic  can  ever  be  regarded  as  finished :  the  practice  of 
medicine  is  continuous  and  so  is  its  study. 

NONMEDICAL     IIE.VDS     OF     DEPARTMENTS 

For  the  sake  of  such  relatechiess,  the  heads  of  all 
departments  must  be  intimately  acquainted  with  the 
needs  of  medicine.  Medical  ex]ierience  alone  can  give 
this  acquaintance.  In  choosing  heads  of  departments, 
the  search  again  is  for  men  ])reeniinently  interested  in 
the  education  of  the  medical  student,  and  it  is  the 
exception  for  a  man  without  a  medical  degree  to  have 
had  such  experience  that  his  perspective  will  enable 
him  to  see  his  own  subject  in  a  coordinated  relation 
with  medicine  as  a  whole. 

DEPARTMENTAL     BARRIERS 

Interdepartmental  partitions  which  are  the  inheritance 
of  tradition  and  custom  are  distinct  barriers  to  coordina- 
tion. The  terms  physiology,  pathology,  medicine  arjd 
surgery  suggest  that  they  are  subjects  apart,  while  in 
reality  physiology  and  pathology  shade  by  insensible 
gradients  into  each  other  and  again  into  medicine  and 
surgery.  All  of  these  rigid  departmental  partitions 
are  imaginary.  The  present  custom  of  departmental 
education  in  medicine  tends  to  separate  teachers  both 
by  a  physical  living  apart,  and  by  mental  discord, 
because  of  different  tenets  and  purposes.  When  the  old 
line  subjects — anatomy,  physiology  and  pathology — 
were  taught  by  a  single  practitioner,  the  students  did  not 
suffer  from  such  discord. 

THE     BLOCK     SYSTEM 

From  time  to  time,  courses  have  been  altered  by 
the  introduction  of  the  so-called  block  system,  whereby 
subjects  are  attached  and  fini.shed  in  rotation.  This 
is  bad  for  two  reasons:  1.  What  is  learned  by  study 
of  only  a  few  minutes  a  day,  carried  through  the  years, 
results  in  the  acrjuirement  of  more  actual  knowledge 
than  that  acquired  by  a  continuous  a])plication  over  a 
t-bfirt     ixriiid    of    tinif       2.    Tlic    blnck    s\  stem    is    not 
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adapted  to  the  material  wliich  is  taught.  It  treats 
knowledge  as  if  it  could  be  divided  into  bricks,  each 
one  to  be  finished  and  packed  away,  a  bo:c  when  filled 
with  such  bricks  to  constitute  a  medical  education. 
Knowledge  of  a  topic,  on  the  contrary,  is  no  such 
solid  matter,  but  is  interdependent  and  vanishes  if  not 
kept  alive  through  its  increment.  This  block  method 
obviously  defeats  all  aims  at  correlation  and  orientation 
of  students. 

Students  who  are  "fed  facts"  because  they  a're  "not 
capable  of  discrimination,"  as  undergraduates,  are  not 
trained  to  judge  wisely  and  with  discrimination  when 
they  enter  on  their  independent  medical  lives.  Physiol- 
ogy can  never  be  acquired  to  the  full  by  assigning  8.00 
hours  of  a  schedule  in  the  first  year  "to  get  it  out  of 
the  way,"  as  one  man  put  it.  Rather  to  be  fully 
assimilated  must  physiologic  thought  and  physiologic 
investigations  continue  throughout  the  four  years,  inter- 
woven with  medicine  and  surgery.  Must  not  the 
"fundamental  scientific  subjects"  be  carried  into  the 
later  years?  Thus  the  student  will  be  able  to  pick 
with  more  readiness  the  essentials  from  the  nonessen- 
tials in  his  pure  science  courses.  To  be  able  to  do 
this  to  the  full,  no  subject  can  be  regarded  as  finished, 
as  in  the  block  system. 

FALLACY     OF     THE      MARKING     SYSTEM 

Is  not  our  real  aim  for  the  student  to  have  him 
continue  as  a  student  during  his  lifetime?  Circum- 
stances which  militate  against  this  development  are 
therefore  objectionable  because  students  are  led  to  feel 
that  in  acquiring  an  A  or  B,  day  by  day,  their  paj^er 
record  as  it  grows  in  the  hands  of  the  quiz  master 
is  tantamount  to  a  personal  acquisition  of  knowledge. 
Hence  the  development  of  memory  rather  than  of 
thought  gains  for  a  man  the  reputation  of  a  real 
student.  Further,  the  marking  .system  forces  students, 
too  intelligent  not  to  see  the  fallacy  of  the  procedure. 
into  at  least  a  pragmatic  acceptance  of  it.  .\gain  and 
again  the  most  serious  and  well  meaning  will  cut  the 
classes  and  clinics  in  which  thev  might  be  gaining 
valuable  interests  in  order  to  cram  a  superficial,  tem- 
porary memorization  of  facts  necessary  to  attain  "a 
good  mark"  in  an  announced  test.  Nor  are  they  to  be 
iDlamed  ;  if  the  others  set  a  standard  for  memorization, 
they   feel  they  must   foUcnv.  to  get  the  "i;(iod   mark" 
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which  in  so  many  cases  is  used  as  the  basis  for  the 
judgment  of  a  man's  worth — as  though  it  were  anything 
but  the  poorest  reflection  of  his  true  capabiUties. 

The  passing  mark  of  75  per  cent. — C,  used  in  many 
colleges — is  another  vicious  influence,  especially  when 
there  are  many  marked  tests  tliroughout  the  year.  It 
tends  to  make  tlic  student  feel  he  need  make  but  three 
quarters  of  eflort,  only  clean  three  quarters  of  a  table, 
L'r  at  amputation  cut  through  but  three  quarters  of  the 
tissues,  especially  since  such  marks  are  obviously 
inadequate,  representing  in  no  way  the  instructor's 
thoughtful  estimate  of  the  student's  work  or  ability. 
Similarly,  the  mark  tends  to  stimulate  some  students 
to  obtain  surreptitiously  from  notes  or  neighbors  facts 
for  the  written  test  or  recitation.  Would  it  not  be  of 
greater  aid  both  to  student  and  to  teacher  to  use  a 
shifting  scale?  Work  would  then  be  either  "satisfac- 
tory" or  "unsatisfactory,"  according  to  the  teacher's 
estimate  of  the  student's  ability. 

Like  the  marking  system,  the  formal  examination 
which  calls  for  an  assembly  of  concrete  facts  is  parti-' 
cularly  to  be  deplored.  The  student  who  has  the  greatest 
amount  of  mental  surface  tension,  and  who  can  balance 
the  largest  number  of  facts  on  the  end  of  his  pencil, 
is  the  victor  in  such  a  contest,  regardless  of  his  ability 
or  inability  to  understand  or  make  use  of  these  facts. 

COMPETITION     AS     A     STIMULUS     TOR     STUDY 

Nearly  all  teaching  methods  employ  a  goad  of  some 
form ;  and  the  one  which  tends  to  maintain  the  student's 
self  respect  is  the  best.  It  is  foolish  to  blind  one's  eyes 
to  the  fact  that,  since  the  world  was  young,  man  has 
striven  and  succeeded  in  competition,  and  he  has  become 
weak  and  vegetative  without  such  a  stimulus.  Where 
the  annual  practical  examination  in  anatomy  is  in 
vogue,  all  students  aspire  to  enter  the  group  of  those 
who  make  no  mistakes.  Such  a  distinction  comes  only 
to  those  who  make  no  mistake  in  competition  with 
themselves  and  anatomy.  This  method  serves  as  a 
healthy  goarl  to  the  acquirement  of  a  knowledge  of  the 
>;ubject.  The  exercise  of  this  stimulus  can  be  produced 
in  all  subjects,  not  alone  in  anatomy. 

pkactice:    of    medicine 
Having   considered    teachers,    students,    methods   of 
teaching  and  of  study,  it  is  necessary  to  formulate  what 
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medical  education  is  expected  to  give.  The  epoch  of  a 
morphologic,  ultramechanical  aspect  of  the  living  animal 
as  a  conception  and  basis  for  study  is  apparently 
passing.  The  substratum  may  be  regarded  as  struc- 
tural, but  the  correlation  of  functional  activities  must 
be  regarded  as  the  essence  of  life  in  an  individual. 
Further,  the  biologist  is  insistent  that  derangement  of 
functions  brings  about  related  functional  changes  and, 
progressively,  alteration  of  structure.  The  progressive 
summation  of  functions  and  equilibration  of  structure 
constitutes  the  living  individual.  Students,  however, 
are  still  led  to  think  in  mechanical  terms  and  fail 
to  realize  that  individual  patients  are  not  at  all  "closed 
systems."  They  are  aware  of  the  patient's  environment, 
but  have  not  a  full  conception  of  the  interrelatedness 
and  intrarelatedness  of  all  energy  phases  even  to  the 
nth  dimension.  To  make  plain  this  concept  of  dyno- 
plasm,  coordination  must  be  sought;  the  interdepen- 
dence of  all  "normal"  and  "pathologic"  conditions  must 
be  stressed  that  no  graduate  of  a  medical  school  shall 
go  out  with  his  knowledge  walled  oft'  by  interdepart- 
mental barriers. 

In  essence,  all  are  seeking  what  M.  Louis  so  force- 
fully expressed  to  his  pupils  nearly  a  hundred  years  ago  : 

Such  and  such  have  been  my  observations.  You  can 
observe  as  well  as  I.  If  you  will  study  the  art  of  observation, 
and  if  you  will  come  to  it  with  an  honest  mind  and  be  faithful 
in  noting  all  which  you  discover,  and  not  merely  the  things 
which  are  interesting  at  the  moment,  or  those  which  support 
a  favorite  dogma.  1  state  to  you  the  laws  of  nature  as  they 
appear  to  me;  if  true,, your  observations  will  confirm  them; 
if  not  true  they  will  refute  them;  I  shall  lie  content  if  only 
the  truth  be  ascertained. 

Think  how  far  the  capable  student  could  travel  on  the 
road  to  a  good  medical  education  in  the  allotted  four 
years,  if  all  the  teachers  of  "departments"  should 
together'  frame  a  carefully  thought  out  course,  topic 
by  topic.  Up  to  the  present,  the  various  departments 
in  many  schools,  without  a  due  recognition  of  one 
another's  responsibilities  in  the  teaching  of  medicine 
as  a  whole,  have  devised  a  system  which  fills  the 
student's  time  completely.  Is  there  any  valid  reason 
why  this  should  continue?  And  yet  it  has  continued 
and  does  continue,  and  every  year  the  luts  are  worn 
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deei>er  and  the  vision  of  the  future  is  more  and  more 
obscured  by  the  piled  up  walls  of  habit. 

Many  things  that  have  been  said  in  the  preceding 
pages  are  but  platitudes  and  repetitions  to  those  who 
are  interested  in  medical  education ;  but  until  in  some 
way  these  foundation  stones  of  education  cease  to  be 
useo  as  rooting  and  are  put  where  they  can  be  of  real 
value — not  in  books  or  even  in  the  minds  of  educators, 
but  in  the  practice  and  curriculum  of  schools — clinical 
lecturers  will  continue  to  think  they  are  showing  a 
skin  mole  to  a  whole  class,  when  it  is  so  small  they 
can  hardly  see  it  themselves.  Instructors  will  continue 
to  lay  down  the  law  of  dogma,  and  wonder  what  is  the 
trouble  when  interns  fail  to  cope  with  emergencies 
not  laid  down  in  the  books.  And  we  shall  continue 
to  write  articles  on  medical  education. 

CONCLUSIONS 

Only  the  best  instructors  should  be  chosen,  because 
on  them  depends  the  selection  of  students  and  to  a  large 
degree  their  development  and  education.  The  surest 
wav  to  have  many  good  instructors  available  is  con- 
tinuously to  develop  them  from  those  possessing  the 
greatest  apparent  potentialities. 

Teachers  who  do  not  continuously  prove  of  value 
should  not  be  allowed  to  remain  in  a  school. 

The  method  maintained  should  aim  for  the  selection 
and  maintenance  of  good  teachers  and  laboratory  work- 
ers, for  under  them  any  method  of  education  is 
successful. 

437  West  Fiftv-Xinth   Street. 
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A    STUDY    OF    DIVERTICULUM    FORMATION 
IN     THE    APPENDIX* 

A.    P.    STOUT,    M.D. 

NEW     YORK 

The  subject  of  diverticulum  formation  in  the  appendix  has  appar- 
ently aroused  the  interest  of  but  few  writers  in  Europe  and  America. 
It  seems  rather  astonishing  in  these  days  of  experimental  investigation 
of  almost  every  conceivable  subject  that  this  interesting,  if  relatively 
unimportant,  process  has  never,  so  far  as  I  can  ascertain,  been  produced 
or  studied  experimentally.  Hypotheses  have  been  based  on  morphologic 
observations  of  the  appendix  itself,  together  with  the  application  to 
the  appendix  of  a  few  experiments  made  in  the  large  and  small  intestine. 
The  results  are  unsatisfactory  because  some  of  them,  reported  by  earlier 
observers,  either  could  not  be  reproduced,  or  produced  entirely  different 
and  contradictory  results,  when  repeated  by  others. 

It  seems,  therefore,  that  this  condition  deserves  further  investigation, 
particularly  so  inasmuch  as  I  have  become  convinced  during  the  past 
year  that  the  condition  is  not  nearly  so  infrequent  as  the  few  reporter} 
cases  would  lead  one  to  believe.  When,  coincidentally  with  the  cliange 
in  the  method  of  examining  the  appendixes  in  the  laboratory  of  surgical 
pathology  at  the  Presbyterian  Hospital,  we  found  five  examples  of 
diverticulum  formation  in  the  appendix  in  one  year,  whereas  in  the  ten 
preceding  years  there  was  a  record  of  only  one  appendix  with  a  diverti- 
culum, the  inference  is  justifiable  that  many  cases  must  have  been  over- 
looked. It  was  formerly  our  custom  to  make  two  or  more  transverse 
sections  of  the  appendixes  sent  for  examination,  until  the  discovery  of 
a  case  of  multiple  diverticula  aroused  our  interest  in  making  a  careful 
search  for  this  condition,  and  we  began  to  section  all  the  appendixes 
longitudinally  in  a  plane  passing  through  the  mesenteric  and  anti- 
mesenteric  borders.  Four  more  appendixes  came  to  our  attention  in  this 
way.  none  of  which  were  suspected  or  observed  by  the  surgeons  who 
removed  them. 

The  questions  which  naturally  arise  in  connection  with  diverticula 
of  the  appendix  are:  CI)  Have  they  any  clinical  significance?  (2)  What 
are  their  morphologic  characteristics  and  what  arc  the  factors  which  lead 
to  their  formation?  (3)  Is  there  any  way  in  which  they  may  be 
diagnosed  clinically?     (4)  Can  their  formation  be  prevented,  or,  if  they 


*From  the  Laboratories  of  Surgery  at  the  College  of  Physicians  and 
Surgeons.  Cohmibia  University,  and  the  Laboratory  of  Surgical  Pathology. 
Presbyterian  Hospital.  Xew  York.     Drawings  by  Alfred  Foinberg. 


have  fornioil.  is  any  trcainuMit  intlicated  ?  Most  o\  tlu)se  who  have 
written  about  diverticula  o{  tlie  a]i])en(hx  \\:\w  (.(iiKcrned  themselves 
almost  exclusively  with  the  second  of  tlii>e  ([uestiiins,  while  a  few  have 
sj^culateil  about  tlie  tirst.  This  |ia]HT  will  deal  very  larj^elv  wiih  the 
second  (luestion. 

The  discussion  which  follows  is  based  on  (a)  the  study  of  seven 
appendixes  with  diverticula,  six  of  which  were  removed  oj^eratively  at 
the  Presbyterian  Hospital,  New  York,  and  one  at  necropsy  at  the 
Bellevue  Hospital  by  Dr.  B.  Morgan  \  ance  and  kindly  s^iven  to  me  by 
him  for  study;  (/')  the  reexamination  nf  a  larjjjc  number  of  appendixes 
removed  operatively  at  the  Presbyterian  1  bisjjital  durin<(  the  last  eleven 
years,  for  certain  luorphologic  and  patholoj^Mc  characteristics  which 
seemed  to  have  some  bearing  on  the  formation  of  diverticula;  (c) 
certain  experiments  on  dogs,  the  results  of  which  are  suggestive  in 
attempting  to  determine  some  of  the  etiologic  factors;  (d)  a  study  of 
all  the  literature  to  which  I  could  obtain  access,  with  the  desire  both 
to  learn  what  other  investigators  have  observed  and  deduced  and  to 
ascertain  from  the  photographs  and  drawings  re])roduced  whether  cer- 
tain luorphologic  peculiarities  which  ;irc  apparent  in  the  series  reported 
in  this  paper  were  also  ])resent  in  other  appendixes. 

Bef(»re  attem])ting  to  anahze  the  factors  which  sccni  to  laxor  the 
formation  of  dixerticula  of  thr  intestinal  tract  in  general  and  of  the 
appendix  in  jjarticular.  it  will  be  pertinent  to  delinc  wh;il  is  under- 
stood by  the  term  and  to  review  briefly  the  hypotheses  which  have  been 
advanced  uj*  to  the  present  to  explain  them. 

DESCRII'TIVI-:     UKl-l.MTIOX,      STATISTICS      .\X1)      IIVI'UTIIESES 
OF     DIVERTICULUM      FOKM.NTION 

Most  writers  are  agreed  that  di\crliiula  in  the  api)cndix  are 
"evaginations,"  "j)rotrusions,"  "herniati(Mis,''  etc.,  of  the  mucosa, 
muscularis  muc(jsae  and  submucosa  through  defects  in  the  nuiscular 
coat.  They  are  all  said  to  be  of  the  "acquired"  variety,  in  contra- 
flistinction  t(j  the  cf)ngenital  diverticula  which  luay  l)e  foimd  in  the 
intestinal  tract,  such  as  Meckel's  diverticulum,  in  the  walls  of  which  .ire 
to  be  found  all  the  coats  which  are  present  in  the  wall  of  the  intestine. 
Such  congenital  diverticula  have  n(\(r  been  noted  in  the  wall  of  the 
appendix.'  'I'hey  may  be  single  or  multiple.  The\  are  most  commonly 
found  along  the  mesenteric  borrler,  bulging  out  between  the  leaves  of 
the  mesenteriolum.  Less  commonly,  they  oicin-  along  the  antimesenteric 
I  — ',—  ,'ind  at  the  tijt;  very  rarely  elsewhere.     In  rej.(ard  to  frequency, 

1.  Krabbcl:  DivcrtikelbilduiiK  hoi  .'XpiJCiulicitis,  lieitr.  z.  klin.  Chir.  80: 
121.  1912. 


MacCarty  and  McGrath  ^  report  seventeen  in  5,000  appendixes  (0.34 
per  cent.),  Konjetzny  ^  found  two  in  1,000  cases  (0.2  per  cent.), 
Moschcowitz,*  four  in  1,500  (0.26  per  cent.)  and  Mertens  ^  in  106 
necropsies  found  two  appendixes  with  diverticula,  and  in  twenty-eight 
appendixes  removed  at  operation,  one  diverticulum  (together,  2.23  per 
cent.).  If  we  take  the  five  cases  (Cases  1  to  5,  inckisive)  found  in  the 
one  year,  from  July  1,  1921,  to  June  30,  1922,  during  which  time  264 
appendixes  were  removed  at  the  Presbvterian  Hospital,  the  percentage 
is  1.89. 

The  diverticula  usually  range  in  diameter  from  3  to  5  mm.  Rarely, 
if  ever,  do  true  mucosal  lined  diverticula  reach  a  larger  diameter  than 
1  cm.,  although  mucoceles  may  reach  a  much  greater  size.  They  are. 
evenly  divided  between  males  and  females.  The  youngest  patient 
apparently  was  Wilkie's,'"  a  15  year  old  girl;  while  MacCarty  and 
McGrath  -  found  one  in  a  patient  64  years  old.  Usually,  they  have 
been  found  in  appendixes  acutely  or  chronically  inflamed ;  occasionally, 
they  have  been  found  at  necropsy  or  in  patients  operated  on  for  some 
unrelated  trouble.  Reference  to  the  accompanying  statistical  table  will 
reveal  that  the  cases  reported  here  conform  to  these  observations  without 
any  important  variations,  except  a  morphologic  one  which  will  be 
referred  to  later. 

Of  the  acquired  type,  two  groups  are  recognized :  (  1 )  those  that  are 
said  to  occur  through  the  defects  in  the  muscular  coats  which  are  found 
along  the  mesenteric  and  antimesenteric  borders  of  the  appendix,  and 
through  which  pass  the  vessels  which  supply  the  submucosa  and  mucosa, 
and  (2)  those  which  occur  through  defects  in  the  muscular  coats  which 
are  results  of  acute  inflammatory  processes.  Thus,  there  may  be  an 
intramural  abscess  which  destroys  the  muscularis  but  which  heals 
without  perforation,  leaving  a  scar  in  the  muscularis  through  which  the 
protrusion  may  subsequently  occur;  or  there  may  be  perforation  with 
protrusion  of  the  mucosa  at  the  same  time  and,  subsequently,  subsidence 
of  the  acute  inflammator>'  process  without  removal  of  the  appendix. 
The  last  process  may  lead  to  the  formation  of  an  external  mucocele, 
i.  e.,  a  subserous  or  intramesenteric  collection  of  mucus  in  a  cavity  lined 
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with  connective  tissue  which  connnunicales  with  the  hinien  of  the 
appendix  by  a  tract  Hned  with  mucous  membrane  extending  through  the 
nuiscularis." 

All  of  the  foregoing  statements  are  based  on  ntorjihologic  observa- 
tions. The  diverticula  ha\e  l)een  seen,  and,  as  they  were  all  accompanied 
by  defect>  in  the  muscularis.  it  was  assumed  that  musctilar  defects  must 
precede  their  formation.  The  only  muscular  defects  which  could  be 
found  were  those  through  which  the  vessels  passed  and  those  which 
were  the  result  of  ilamage  following  infection;  ergo,  the  di\crticuliun 
must  take  place  through  these  defects. 

In  order  to  explain  why  protrusions  of  mucou>  membrane  occur 
through  these  defects  in  some  appendixes  and  not  in  others,  various 
hypotheses  have  been  advanced.  Alost  of  them  were  used  in  an  attempt 
to  explain  the  occurrence  of  diverticula  in  the  intestine,  luit  they  have 
been  applied  to  those  occurring  in  tlu'  appendix  as  well. 

Klebs  *•  states  that,  in  obese  people,  collections  of  fat  about  the 
vessels  as  they  pass  through  the  wall  tend  to  shove  the  muscle  bundles 
apart,  thus  increasing  the  diameter  of  the  defect  and  increasing  its 
potential  weakness.  Graser  ^  suggests  that  the  chronic  distention  of  the 
blood  vessels  as  they  pass  through  the  muscular  coats  tends  to  push 
aside  the  muscle  bundles,  in  this  way  increasing  the  diameter  of 
the  defect. 

Practically  all  of  the  authors  who  attempt  to  account  for  the  force 
whicii  tends  to  drive  the  mucosa  and  submucosa  through  the  muscularis 
speak  of  increased  intraluminal  tension.  Edel  ^'^  suggests  chronic  consti- 
pation with  fecal  distention  of  the  large  bowel  as  a  source  of  this 
increased  tension.  Beer  "  believes  that,  in  additic^i  to  constipation  and 
chronic  distention  of  the  large  bowel,  it  is  necessary  to  have  the 
muscular  degeneration  and  weakness  which  are  coincident  with  old  age. 
W'ilkie  "  states  that  the  obstrtiction  of  the  luinen  of  one  of  his  appendixes 
by  a  carcinoma  was  .sufficient  to  exj)lain  the  occurrence  of  a  diverticulum 
distal  to  it. 

When  one  attempts  to  analyze  these  hypotheses  and  apply  thciH  to 
appendix  diverticula,  it  is  found  that,  while  each  one  of  them  may  be 
applicable  to  a  few  cases,  none  of  them  has  a  tmivcrsal  a])plicalion. 
Kiel)-'    suggestion    that    the    vascular    defects    in    tin-    niUMularis    are 
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increased  in  diameter  by  accumulations  of  fat  about  the  vessels  obviously 
loses  its  force  when  the  diverticula  occur,  as  they  usually  do,  in  people 
who  are  not  obese.  Graser's  hypothesis  that  chronic  distention  of  the 
blood  vessels  in  the  vascular  defects  tends  to  shove  aside  the  muscle 
bundles,  thus  increasing  the  diameter  of  the  defects,  does  not  apply  to 
any  of  the  appendixes  with  diverticula  that  I  have  seen  or  read  about. 
In  these,  where  there  have  been  broad  defects,  they  have  been  filled  with 
dense  connective  tissue,  surrounding  several  rather  small  and  thick 
walled  vessels,  which  were  not  distended.  It  might  be  argued  that  these 
had  collapsed  after  removal,  but  a  majority  of  the  appendixes  which  we 
receive  for  examination  in  the  laboratory  reach  it  with  their  vessels 
distended ;  so  this  is  probably  not  a  valid  objection.  In  any  event, 
this  hypothesis  has  no  bearing  on  the  inflammatory  defects.  There  is 
no  proof  that  chronic  constipation  and  fecal  distention  per  se  cause 
increased  intraluminal  tension,  and  it  can  be  definitely  stated  that  diverti- 
cula of  the  appendix  at  least  may  occur  in  people  in  whom  there  is  no 
clinical  evidence  of  chronic  constipation  or  fecal  accumulation  in  the 
large  bowel.  Beer's  suggestion  that  weakening  of  the  muscle,  due  to  old 
age,  is  an  etiologic  factor  is  rarely  applicable  to  the  appendix  diverticula, 
most  of  which  occur  in  vigorous  adults,  and  examination  will  show  that 
the  muscular  coats  are,  in  almost  every  case,  above  the  average  in 
thickness.  It  is  probably  true  that  there  is  some  obstruction  to  the 
lumen  proximally  in  a  majority  of  appendixes  with  diverticula;  but 
there  are  just  as  certainly  others  in  which  there  is  no  demonstrable 
obstruction,  and,  therefore,  this  cannot  be  regarded  as  an  etiologic  factor 
of  universal  application. 

The  importance  of  increased  hydrostatic  tension  within  the  lumen 
of  the  intestine  as  a  factor  in  the  etiology  of  diverticula  of  the  intestine 
(and,  by  inference,  of  the  ai)pendix)  received  strong  sui)port  through 
the  publication,  in  the  latter  part  of  the  nineteenth  century,  of  some 
experimental  work  that  has  since  been  comi)letely  discredited,  but  the 
influence  of  which  can  still  be  traced  in  recent  articles  on  the  subject. 
Heschl,^2  Hansemann^^  and  Grassberger  ^■'  distended  segments  of  the 
large  intestine  with  water,  and  asserted  that  they  saw  bulgings  along  the 
mesenteric  border,  which  disappeared  when  the  tension  was  released. 
They  asserted  that  these  occurred  at  the  defects  in  the  mesenteric  border 
through  which  the  vessels  pass,  and  they  argued  from  this  that  these 
were  weak  points  through  which  diverticula  might  occur  in  tlie  hvmg 
intestine,  if  the  increased  intraluminal  tension  were  chrome.     P.eer  "  was 
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unable  to  reproduce  these  bulgin^s  experiiiKiitally,  and  il  is  j)robable 
from  Cliluuisky's  observations  that  they  are  at  l)est  a  phenomenon  of 
dead  intestine  only.  Hesehl.'-  Hanau  '  and  (iood.'"  using  hunian 
necrojjsy  material,  several  hours  after  death,  found  that,  after  extreme 
distention,  the  intestine  burst  regularly  between  the  leaves  of  the 
mesentery.  This  observation  has  been  used  as  an  argument  to  support 
the  hypothesis  that  the  mesenteric  border  is  the  weakest  portion  of  the 
intestine  wall,  and  that  perforations  and  dixerticula  are  therefore  more 
liable  to  occur  in  this  region  than  in  any  other.  Chlumsky,^'  however, 
showed  the  fallacy  of  using  dead  material  for  investigation  by  repeat- 
ing this  experiment,  using  the  living  dog's  intestine  within  the  body.  He 
found  that  it  burst  regularly  along  the  antimesenteric  border.  When 
he  used  dead  intestine,  removed  from  the  body,  he  found  that  it  burst 
between  the  leaves  of  the  mesentery.  We  are  thus  left  with  inconclusive 
evidence,  so  far  as  these  experiments  are  concerned,  when  we  attempt 
to  apply  them  to  determine  the  forces  which  tend  to  jiroduce  diverticula 
in  the  appendix  and  the  intestine. 

The  only  observations  which,  it  seems  to  me,  can  altogether  survive 
critical  analysis  are  the  morphologic  ones  that  diverticula  are  always 
associated  with  defects  in  the  muscularis  and  that  the  only  defects  which 
have  been  observed  are  those  due  to  perforation,  to  scarring  following 
suppurative  inflammation  and  the  normal  ones  in  the  mesenteric  and 
antimesenteric  borders  through  which  vessels  pass.  Fhere  is  no  proof 
that  diverticula  occur  through  these  defects;  but  all  the  evidence  that 
we  have  favors  the  assumption  that  they  do.  and,  therefore,  it  seems 
fair  to  accept  it  as  a  working  hypothesis. 

If  we  turn  now  to  the  seven  appendixes  described  in  this  paper,  a 
reference  tf)  Figures  1,  2,  3,  5  and  6  deiuonstrates  very  clearly  a  condi- 
tion which  has  not  been  described  before  in  the  literature,  possibly 
because  in  most  of  the  cases  reported  the  specimens  were  sectioned 
transversely  instead  of  longitudinally.  In  these  diverticula,  it  will  be 
.seen  that,  not  only  the  mucosa  and  submucosa  nearest  the  muscular 
defect  have  passed  through  it  to  form  an  extra  muscular  sac  but  alsf) 
the  mucosa  and  submuco>a  from  the  side  opposite  the  muscular  defect 
have  passed  through  it,  thus,  in  effect,  rliverting  the  entire  lumen  outside 
the  appendix  into  the  fliverticulum  sac.'*  This  condition  was  noted  in 
four  diverticula  in  four  different  appendixes  out  of  ;i  lotal  of  eighteen 
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diverticula  in  seven  appendixes.  The  same  diversion  of  the  lumen 
outside  the  muscularis  can  be  seen  in  the  appendix  which  had  ruptured 
two  years  before  it  was  removed,  eversion  of  the  mucosa  into  an  abscess 
cavity  resuUing.  willi  the  proximal  and  distal  portions  of  the  appendix 
opening  into  it  separately  through  the  muscular  defect  (Fig.  13). 

All  of  the  hypotheses  which  have  been  advanced  to  account  for  the 
motive  force  which  pushes  the  mucosa  through  the  muscular  defects 
depend  on  a  distention  of  the  lumen.  The  existence  of  these  four 
diverticula,  however,  forces  us  to  seek  some  additional  explanation  to 
account  for  them.  It  is  inconceivable,  for  me  at  least,  to  imagine  that 
the  force  exerted  by  the  expansion  of  a  fluid  or  a  gas  within  the  lumen 
of  an  appendix  could  alone  be  sufficient  to  force  the  entire  circum- 
ference of  the  mucosa  and  the  submucosa  dirough  a  defect  in  the 
muscularis.  Some  other  force  must  be  operative  in  these  cases  and 
probably  in  all  the  rest  of  the  cases  of  diverticulum  formation  as  well. 

A  little  reflection  will  make  it  apparent  that  most  of  the  comments 
and  reasoning  up  to  this  ]X)int  have  been  based  on  morphologic  and 
mechanical  considerations  almost  exclusively.  \\'e  have  talked  of 
diverticulum  formation  as  if  it  took  place  by  the  action  of  a  force  in  an 
inert,  lifeless  tube  made  up  of  tissues  of  dift'erent  tensile  strength  but 
without  any  other  characteristics.  This  neglect  of  die  biologic  factor 
has  resulted  in  the  neglect  of  the  tremendous  energ>^  transformations 
which  are  occurring  constantly  in  the  appendix  and  intestine  throughout 
life;  it  has  allowed  constant  morphologic  references  to  the  smooth 
mu-scle  tissue  of  the  appendix  but  scarcely  any  physiologic  ones.^^  In 
other  words,  the  force  exerted  by  the  contraction  of  the  smooth  muscle 
tissue  in  the  appendix  during  life  has  not  yet  been  considered  as  an 
important  factor  in  the  etiolog}-  of  divert icukun  formation.-*' 

MORPHOLOGIC     AND     EXl'EKI  MENTAL     EVIDENCE     IN     FAVOR     OF    THE 

MUSCULAR     CONTRACTION     HYPOTHESIS    OF    niVERTI- 

CULUM      FORMATION 

Inasmuch  as  no  one.  as  far  as  I  can  find  out.  has  investigatctl  the 
possibiUties  of  this  force  in  connection  with  appendiceal  diverticula,  it 


19.  Seelig  (Footnote  26)  in  a  sinjile  phrase  suggests  that  the  contraction  of 
the  smooth  muscle  plays  some  part  in  diverticulum  formation  in  the  appendix, 
but  does  not  develop  the  theme. 

20.  It  is  all  the  more  astonishing  that  this  should  he  so  when  one  finds  that 
it  has  been  considered  in  reference  to  diverticula  elsewhere  in  the  body.  Forty- 
five  years  ago,  Zenker  (quoted  by  Judd :  Esophageal  Diverticula,  .^rch.  Surg. 
1:38  [July]  1920)  described  the  pharyngo-esophageal  dimple  just  behind  the 
cricoid  ca'rtilage  on  the  posterior  wall,  where  there  is  a  weakened  point  due  to 
the  arrangement  of  the  musculature  at  the  junction  of  the  upper  esophagus  and 
the  lower  end  of  the  pharynx.  He  noted  that  diverticula  occur  through  this, 
and  believed  that  the  increased  pressure  exerted  on  the  weak  point  during  the 
act  of  swallowing  was  the  chief  etiologic  factor. 
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seemed  as  if  ii  were  wurili  atteniptinj^.  W  ith  ihi.s  iturpiisc  it  was 
determined  to  state  a  theorcni  in  reganl  to  (li\crticuluni  fiuniation  and 
then  to  see  whether  it  wonld  serve  to  explain  all  the  known  phenomena. 
If  it  did  so  this  wonld  not  i)rove  it  trne.  becanse  we  know  by  ol)serva- 
tion  only  a  few  of  the  phases  of  the  i^rocess.  If  sn])i)ortc'(l  by  the 
facts,  however,  it  wonld  make  it  at  least  a  more  satisfactory  hypothesis 
than  any  which  has  been  advanced  before,  becanse,  as  has  been  indicated, 
none  of  them  serve  to  explain  all  of  the  known  phenomena. 

It  has  been  assumed,  therefore,  that  diverticula  take  place  through 
defects  in  the  muscular  coats,  and  that  the  chief  motive  force  that  drives 
the  subnnicosa  and  mucosa  through  these  defects  is  that  exerted  by 
active  C(-)ntraction  of  the  longitudinal  and  circular  niu>clcs  on  the  sub- 
mucosa,  mucosa  and  contents  of  the  lumen.  \\  ith  this  in  mind,  a 
morphologic  examination  of  a  number  of  appendixes  has  been  made  and 
certain  experiments  have  been  performed,  with  the  hope  that  the  results 
would  suggest  whether  the  hypothesis  was  credible  or  not. 

In  order  to  understand  the  process  of  diverticulum  formation,  it  is 
necessary  to  emphasize  certain  well  known  mechanical  and  physiologic 
facts.  One  must  first  recall  the  physical  relationship  which  the  coats 
of  the  appendix  bear  to  f)ne  another.  The  mucosa  and  the  submocosa, 
with  the  musculari>  mucosae  running  between,  form  a  single  coat,  the 
three  parts  of  which  are  intimately  bound  together.  The  muscularis, 
subserosa  and  serosa  likewise  form  a  more  or  less  homogeneous  whole. 
But,  in  manv  appenrlixes,  esjieciallx  tlio>e  which  ha\e  not  been  previ- 
ously badly  damaged  by  inflanmiation.  the  attaclinient  between  the  sub- 
mucosa  and  nmscularis  i>  bv  loose  bonds  of  areolar  and  elastic  tissue, 
so  that  the  two  coats  are  capalile  of  a  certain  amount  of  excursion,  one 
ujK)n  the  other. 

The  muscular  coats  of  the  a])])en(lix  are  dixided  into  an  outer  longi- 
tudinal coat  and  an  inner  circular  coat,  the  latter  usually  much  thicker 
than  the  former.  Under  normal  condition>  of  tonus,  unless  widely 
distendefl  by  inspissated  feces,  fluid  or  a  fecolitli.  the  mucosa  and  sub- 
mucosa  in  many  ai)])endixes  are  maintained  wiiliin  the  circular  muscle 
in  a  plicaterl  state,  both  transversely  and,  to  a  less  extent,  longitudinally. 
When  there  is  a  loose  attachment  of  the  submucosa  to  the  nmscularis, 
it  allows  free  play  between  these  two  coats.  W  ith  strong  nuiscular  con- 
tractions, the  tendency  is  to  exaggerate  these  ffilds  by  reducing  both  the 
diameter  and  the  length  of  the  a])pendix.  If  an  aj)])endix  or  intestine 
is  fixed  in  a  state  of  strong  muscular  contraction  and  then  sectioned 
k»ngitudinally,  these  exaggerated  folds  can  easily  be  seen. 

With  these  observations  in  mind,  let  us  suppose  that  there  is  a  weak 
point  in  the  muscular  wall  oi  the  ai)j)endix  /ind  the  muscle  contracts: 
what  may  happen?  In  order  U>  answer  this  rjuestir)n,  we  are  forced  to 
use  animals,  because  it  is  imjjrr»j;er  to  use  the  living  human  appendix  in 


situ  for  experimental  purposes.  While  dogs'  appendixes  are  too  much 
like  exaggerated  cecal  pouches  to  be  altogether  satisfactory  for  experi- 
mental purposes,  I  was  forced  to  use  them  because  I  was  unable  to 
procure  organs  more  nearly  resembling  the  human.  Reference  to 
Experiments  1  to  5  will  show  that,  if  a  muscular  defect  is  made  in  the 
wall  of  a  dog's  appendix  by  incising  down  to  the  submucosa  or  by 
excising  a  piece  of  subserosa  and  muscularis.  there  is,  following  the 
injury,  a  strong  contraction  of  both  circular  and  longitudinal  muscles, 
and,  at  the  same  time,  the  mucosa  and  submucosa  protrude  through 
the  muscular  defect,  forming  a  diverticulum.-^  This  can  persist  for 
some  days.  If  the  same  thing  is  done  to  an  appendix  sufficiently 
long  after  death  for  the  muscular  tissue  to  lose  its  contractility,  no 
such  protrusion  will  occur,  provided  the  appendix  or  intestine  is  not 
distended.  If  it  is  distended,  the  protrusion  may  occur  (  Experiment  5). 
From  these  experiments,  we  see  that,  with  a  suddenly  produced 
unfilled  gap  in  the  muscularis  of  a  dog's  appendix  or  intestine,  because 
of  the  free  play  between  the  submucosa  and  the  muscularis,  the  mucosa 
and  submucosa  may  be  protruded  by  muscular  action  and  may  also  be 
protruded  by  the  force  of  fluid  tension  acting  from  within  the  lumen. 
We  can  go  a  step  farther  in  studying  the  effects  of  muscular  contraction 
and  distention.  If  an  appendix  wath  a  protrusion  of  mucosa  and 
submucosa  through  an  experimentally  produced  gap  in  the  muscularis 
due  to  muscular  contraction  is  distended  moderately,  the  diverticulum 
fills  with  fluid  and  stands  out  more  clearly  as  a  smooth  rounded 
hemisphere.  If  the  internal  hydrostatic  tension  is  considerably  increased, 
the  diameter  of  the  api)cndix  gradually  increases,  the  coats  of  the 
appendix  become  thinner  as  they  are  stretched,  the  gap  in  the  muscularis 
increases  in  width  and  the  diverticulum  grows  steadily  less  until  it 
disappears  entirely  (Experiment  4).  This  eft'ect  is  produced  apparently 
because  the  increased  internal  hydrostatic  tension  overcomes  the  force 
of  muscular  contraction  and  stretches  and  thins  the  muscular  coats  until 
they  are  forced  outward  to  as  great  a  distance  as  the  original  diverti- 
culum.    In  a  dog's  dead  intestine,  in  the  body,  increased  intraluminal 


21.  When  this  procedure  was  repeated,  using  a  luiinan  appendix  wliicli  had 
just  been  removed  from  the  body  and  which  showed  very  moderate  clironic 
inflammatory  changes,  the  same  Inilging  of  the  mucosa  and  suhnnicosa  through 
the  muscular  defect  occurred.  In  this  case,  the  bulging  was  only  1  mm.  beyond 
the  serosal  level  (Experiment  6).  Some  years  ag.^  when  Dr.  Lewisohn  (Clin- 
ical and  Experimental  Studies  on  Congenital  Pyloric  Stenosis.  Surg..  C.yncc.  & 
Obst.  26:320  [March]  1918)  was  doing  some  experimental  Kammstedt  operations 
on  the  dog's  pylorus,  in  one  case,  the  operation  was  followed  by  diverticulum 
formation.  It  seems  probable  that,  in  this  situation,  it  was  due  more  to  mus- 
cular contraction  than  to  distention,  as  the  pylorus  is  probably  very  rarely  dis- 
tended   (compare  illustration   in  his  article). 
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tension  at  tirst  forces  the  nniooMi  and  subnuKH»sa  dUt  through  the  gap 
in  the  muscularis,  making  a  divcrtiouhim  ;  witli  marked  increase  in  the 
tension,  the  appendix  dilates  enormously,  and  \hv  diverticulum  dis- 
appears as  described  above  (Experiment  5). 

We  are  now  in  a  position  to  state  that  a  diverticulum  may  occiu" 
through  an  experimental  defect  in  the  muscularis  of  a  dog's  appendix, 
botli  as  the  result  of  intraluminal  distention  and  as  a  result  of  musctilar 
c»>ntractiiin.  Increased  nuiscular  contraction  increases  the  tendency  for 
the  mucosa  to  be  protruded,  w  hile  grcitly  increased  intraluminal  tension 
tends  t(»  diminish  and.  e\cntually.  to  cause  tlie  disap])earancc  of  the 
diverticulum. 

With  these  suggestive  animal  experiments  in  mind,  let  us  tiUMi  back 
to  the  human  appendix  to  see  whether  a  mor])hologic  consideration  of  a 
number  of  appendixes  will  support  the  hypothesis  that  muscular  con- 
traction is  the  chief  factor  in  the  causation  of  diverticula  of  the  appendix 
and.  at  the  same  time,  strengthen  the  view  that  in  many  cases  the 
vascular  defects  are  the  weak  points  in  tlic  muscularis  through  which 
the  protrusions  occur. 

The  arteries  and  xein^  which  .^upply  ilie  appendix  reach  that  organ 
at  from  six  to  eleven  di liferent  points  along  the  mesenteric  border. 
They  send  branches  that  pass  through  the  muscular  coats  and  form 
a  rich  anastomotic  network  in  the  submucosa.  '  )ther  branches  pass 
circumferentially  in  the  subserosa.  and.  at  the  antimesenteric  border, 
these  also  pierce  the  muscular  coats  and  join  the  sul)mucosal  anastomosis. 
A  few  small  twigs  pass  into  the  muscularis  between  the  mesenteric 
and  antimesenteric  borders ;  but  they  are  apparently  for  the  supply  of 
the  muscularis  itself  and  do  not  pierce  it.  The  vessels  as  they  pass 
through  the  muscular  coats  are  surrounded  by  a  greater  or  less  amount 
of  connective  tissue  and  sometimes  by  a  few  fat  cells.  When  seen,  these 
va.scular  defects  are  always  larger  and  much  more  prominent  on  the 
mesenteric  than  on  the  antimesenteric  border.  Usually,  the  vessels 
pass  through  at  right  angles  to  the  long  axis  of  the  appendix;  less  often, 
they  pass  through  tangentially.  When  found  in  the  apjjcndixes  examined, 
they  varied  between  0.5  and  1  mm.  in  thickness  on  the  mesenteric 
border,  and  were  always  less  than  0.5  mm.  on  the  antimesenteric  border. 

In  examining  the  appenrlixes  with  diverticula  in  the  series  reported 
in  this  paper,  it  was  noted  in  all  of  the  cases  that  the  muscular  coats 
appeared  above  the  average  in  thickness,  while  in  all  but  f)ne  the  vascular 
defects  were  very  prominent  and  easily  visible. ^^  .An  attempt  was  made 
to  determine  the  relationship  between  the  width  of  the  vascular  defect 


22.  In  the  one  exception,  the  divcTticnlntn  was  lielievcd  to  have  followed  an 
inflammatory  weakeninjar  of  the  wall  rather  than  to  have  occiirrcfl  through  a 
vascular  defect   (Case  7). 
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and  the  thickness  of  the  musculature  in  the  appendix.  Xinety-six 
appendixes  were  chosen  at  random  as  they  were  received  in  the  labora- 
tory of  surgical  pathology,  and  the  thickness  of  the  muscular  coat  was 
measured  by  a  millimeter  scale.  The  average  thickness  was  0.86  mm., 
a  figure  slightly  above  the  0.5  to  0.75  mm.  which  Aschoff  -^  says  is  the 
variation  in  normal  adult  appendixes.  During  the  routine  gross  exami- 
nation of  these  appendixes,  it  has  been  a  laboratory  rule  that  the  appen- 
dix shall  be  bisected  longitudinally  in  a  plane  passing  through  the 
mesenteric  and  antimesenteric  borders,  and  the  presence  or  absence  of 
the  vascular  defects  noted  in  the  report.  When  the  defects  are  of  any 
size,  the  vessels  are  surrounded  by  dense  connective  tissue,  which  shows 
up  as  a  dull  white  band,  in  sharp  contrast  to  the  much  darker  semi- 
translucent  muscularis.  It  is  not  unreasonable  to  assume,  therefore, 
that,  in  those  cases  in  which  the  defect?  were  seen,  they  were  probably 
broader  and  contained  more  connective  tissue  than  in  those  in  which  they 
were  not  seen.  In  the  forty-two  cases  in  which  they  were  seen,  the 
average  thickness  of  the  muscularis  was  1.06  mm.  (the  thinnest.  0.5, 
and  the  thickest,  3.0  mm.)  ;  while  in  the  fifty-four  cases  in  which  the 
vascular  defects  were  not  seen,  the  average  thickness  of  the  muscularis 
was  0.71  mm.  (the  thinnest,  0.3,  and  the  thickest.  1.5  mm.).'-^  The 
average  diameter  of  the  vascular  defects  in  the  mesenteric  border  in  the 
forty-two  cases  in  which  they  were  seen  was  0.5  mm. 

Turning  to  the  series  of  seven  appendixes  with  diverticula,  we  find 
the  average  width  of  the  muscularis  1.91  mm.  (the  thinnest.  1.  and  the 
thickest,  2.7  mm.).  In  Cases  1  to  6.  inclusive,  in  which  the  mesenteric 
vascular  defects  were  noted  passing  through  the  muscularis.  the  average 
diameter  of  the  largest  defects  noted  in  each  case  was  1  mm.  ( the  largest, 
1.5.  and  the  smallest,  0.5  mm.). 

These  figures  suggest  that  appendixes  vary  considerably  in  the  thick- 
ness of  their  muscular  coats  and  that  the  broader  vascular  defects  which 
are  more  easily  visible  with  the  naked  eye  are  found  in  the  m<)re  thickly 
muscled  appendixes.  They  also  indicate  that  the  muscularis  of  those 
a})pendixes  in  which  diverticula  are  formed  averages  a  whole  millimeter 
thicker  than  in  the  average  appendix  removed  at  operation,  and  that 
the  mesenteric  vascular  defects  in  the  appendixes  with  diverticula  tend 
to  be  broader  than  the  average. 

We  cannot  satisfactorily  account  for  this  muscular  thickcnmg  in 
every  case  by  the  hypothesis  that  it  is  hypertrophy  resulting  secondarily 


23.  Aschoff.  L. :   Die  Wurmfortsatzentziindung,  Jena,  1908.  pp.  10  and  /_'. 

24.  Of  course,  these  figures  have  only  comparative  value  because  of  the 
many  variables  and  sources  of  error,  the  greatest  being  the  edema  of  the 
muscularis  in  acute  cases.  But.  as  the  same  factors  of  error  are  operative 
in  both  series,  it  is  felt  that  the  value  of  the  results  for  comparison  is  not 
vitiated. 
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from  obstruction  of  the  Iuukmi  aiul  increased  functii>n  of  tlu-  nniscular 
tissue,  this  increased  function  being  stimulated  by  aocunnilaiion  of  con- 
tents within  the  hnnen.  because,  while  in  tive  ni  the  seven  cases  there 
was  either  actual  or  potential  obstruction  of  the  lumen  ]M-oximal  to  the 
diverticula,  in  twt)  (Cases  4  and  6),  there  was  neither,  and  both  of  these 
had  thick  muscular  coats.  So.  while  admiltint;  the  attractions  of  this 
hypothesis  and  su>Tgesting  with  W'ilkie  "  that  it  plays  some  ])art,  it  must 
be  admitted  that  some  other  factor  or  factors  are  involved.  In  any 
event,  one  cannot  escape  from  the  sugii^estion  that  these  thick  nniscles 
indicate  increased  function  and  that  they  are  capable  of  more  powerful 
contraction,  and  hence  of  exerting  a  more  powerful  force,  than  the 
thinner  ones. 

It  will  not  be  unjirofitable.  at  this  point,  to  reconsider  the  ([uestion 
of  diverticulum  formation  as  a  result  of  damage  to  the  wall  of  the 
appendix  from  >ui)])urati\e  intlammation.  .\s  we  have  seen,  it  has  been 
stated,  first,  that  an  intramural  abscess  may  form,  destroy  the  muscu- 
laris,  drain  into  the  lumen  of  the  appendi.x.  and  subsequently  be  replaced 
by  scar  tis>ue.  thus  leaving  a  defect  through  which  it  is  conceivable  that 
a  diverticulum  may  pass;  second,  that,  during  an  acute  inflammatory 
attack,  the  aj)pendix  may  perforate,  and,  as  a  result  of  the  ])erf()ration, 
a  diverticulum  or  mucocele  mav  de\elop.  All  that  can  Ix-  adduced  to 
support  the  hrst  statement  are  the  observations  thai  intramural  abscesses 
occur;  that  scars  occur  in  the  muscularis,  and  that  diverticula  occur. 
.Ml  of  the  intervening  steps  are  sup])ositious.  In  regard  to  the  second, 
however,  we  are  able  to  demonstrate  more  of  the  intervening  steps, 
and  it  will  be  worth  while  to  do  this  l)ecause  of  the  light  which  it  seems 
to  thntw  on  the  dynann'cs  of  the  prf)cess. 

It  must  be  recalled  that  the  vast  majority  of  perforations  of  the 
appendix  are  associated  with  extensive  necrosis  of  the  mucous  mem- 
brane. Most  i>erforations  appear  as  holes  lined  with  necrotic  tissue, 
leading  through  the  wall  from  a  Imnen  also  largely  lined  with  necrotic 
ti>sue.  Occa>ionally.  however,  we  luid  the  condition  of  affairs  illustrated 
in  Figure  12,  in  which  there  is  a  wide  ju-rforation  without  extensive 
necrosis,  which  has  resulted  in  the  protrusion  and  eversion  of  the  muc(jsa 
and  submucosa  fCase  X).  A  condition  analogous  to  this,  ])Ut  of  two 
years'  standing,  can  be  seen  in  h'igure  1.3,  which  has  been  referred  to 
before.  There  we  fnul  perforation,  with  jjrcjtrusion  through  the  ])erfor- 
ation  not  f)nly  of  the  adjacent  mucosa  but  also  of  the  entire  lumen, 
so  that  the  proxinlal  and  rlistal  j)fjrtif)ns  of  the  lumen  open  separately 
into  the  extra-appendiceal  abscess  (Case  9). 

Figure  4  j^resents  a  tract  lined  with  mucous  membrane  leading  to  a 
cavity  in  the  mesenteriolum  near  the  tip,  fdled  with  mucus  and  pus  and 
lined  with  granulation  tissue.  .\s  there  is  a  diverticulum  in  another 
part  of  this  appendix,  this  may  be  thought  of  either  as  a  diverticulum  in 
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which  the  acute  inflammatory  process  has  destroyed  its  lining  mucosa  or 
(and  this  appeals  to  me  as  more  probable)  it  may  be  considered  that,  as 
the  result  of  an  acute  inflammatory  process  in  the  appendix  wall,  pos- 
sibly during  a  previous  attack,  a  perforation  and  partial  protrusion  of 
the  mucosa  occurred  with  the  formation  of  a  mucocele,  and  that  the 
inflammation  present  when  the  appendix  was  removed  invohed  a 
previously  formed  sac. 

The  speed  and  ease  with  which  mucosal  defects  in  the  intestine  can 
regenerate  is  well  known,  so  that  it  requires  no  great  stretch  of  the 
imagination  to  surmise  that,  in  Cases  8  and  9,  had  there  been  a  sub- 
sidence of  the  infection,  perhaps  by  free  and  adequate  drainage  of  the 
abscess  through  the  fistulous  tract  leading  back  through  the  wall  of  the 
appendix  into  the  lumen  and  so  on  into  the  cecum,  a  regeneration  of 
mucosa  might  have  lined  the  extramuscular  sacs,  giving  the  picture 
seen  in  other  diverticula  in  this  paper;  in  the  latter  case  with  a  single 
opening  into  the  lumen,  in  the  former  with  a  double  opening.  Figure  11 
illustrates  a  diverticulum  near  the  tip  of  an  appendix  that  mav  very 
well  have  occurred  in  this  way. 

Figure  12  illustrating  a  fresh  perforation,  with  protrusion  of  the 
mucosa  and  eversion,  cannot  fail  to  recall,  to  all  who  have  seen  it,  the 
behavior  of  the  mucosa  of  any  part  of  the  living  gastro-intestinal  tract 
when  the  entire  thickness  of  the  wall  is  cut  ihn)Ugh  and  the  lumen 
entered.  It  will  be  remembered  that,  coincidentally  with  the  wide  gaping 
of  the  wound,  the  mucosa  protrudes  and,  as  it  comes  out.  turns  back 
on  itself  so  that  it  both  projects  beyond  the  surface  of  the  sero.^a  and 
still  allows  the  cut  edge  of  the  mucosa  to  lie  in  contact  with  the  cut 
edge  of  the  serosa.  If  the  same  cut  is  made  in  a  dead  intestine,  none  of 
these  phenomena  occurs.  In  this  case,  we  cannot  blame  the  intraluminal 
tension  ;  for,  as  soon  as  the  lumen  is  entered,  the  intraluminal  antl  extra- 
luminal  tensions  are  eciualized.  We  are  therefore  compelled  to  fall  back 
on  the  force  of  muscular  contraction  which  resptinds  to  the  irritation 
incident  to  the  trauma  of  the  incision.  The  segment  cut  into  is  narrowed 
and  shortened  by  the  contraction  of  the  circular  and  longitudinal  libers, 
which,  in  turn,  forces  the  redundant  nuicosa  and  subnuu-osa  through  the 
opening;  and,  because  the  submucosa  is  attached  to  the  nuiscularis  while 
the  mucosa  is  a  free,  unrestrained  surface.  e\ersion  occurs.  The 
similarity  between  this  experimental  end-re.sult  and  the  pert  orations 
illustrated  in  Figures  12  and  13  is  so  striking  that  I  believe  we  are 
justified  in  adopting  the  hypothesis  that  the  force  resulting  from 
muscular  contraction  is  the  chief  factor  in  producing  the  eversion  of  the 
mucosa  and  submucosa. 

suM^rARV 

The  foregoing  reexamination  of  the  process  of  diverticulum  forma- 
tion in  the  appendix  has   set   forth   some  experimental   evidence  and 
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some  niorphofoijic  facts,  all  of  which  h.ive  tended  to  support  the 
muscular  cc^itraction  hypothesis  with  which  we  started,  ami  none  of 
which  have  contrailicted  it.  To  recapitulate,  it  has  heen  shown  that 
there  must  be  a  weak  point  in  the  wall  of  the  appendix  which  is 
probably  tlue  either  to  an  especially  broad  vascular  defect  in  the  mesen- 
teric or  antimesenteric  border  tilled  with  connectixe  tissue,  a  condition 
ft)und  in  most  ajij^emlixes  with  diverticula ;  or  to  a  scar  in  the  muscu- 
laris.  the  result  of  a  suppurative  process;  or  to  perforation  during  an 
acute  attack,  with  protrusion  of  the  mucosa  and  subsecpient  subsidence 
of  the  infection  followed  by  regeneration  of  the  mucosa  within  the 
former  extramuscular  abscess  cavity. 

It  has  been  suggested  that,  in  all  forms  of  diverticula  without  excep- 
tion, contraction  of  the  circular  .and  longitudinal  smooth  nuiscle  coats 
is  probably  the  chief  active  factor  in  driving  the  mucosa  and  submucosa 
through  the  weak  point  in  the  muscularis.  In  support  of  this,  there  is 
the  inorphologic  evidence  that,  in  all  seven  of  the  cases  reported,  the 
muscularis  is  above  the  average  in  thickness.  In  five  of  these,  this  is 
associated  with  more  or  less  obstruction  of  the  lumen  proximally  either 
by  intraluminal  mechanical  means,  complete  obliteration,  twists  or  angu- 
lations. In  the  other  two,  no  obstruction  could  be  demonstrated,  but  it 
was  possibly  present  during  life.  Usually,  this  obstruction  is  accom- 
panied by  dilatation  of  the  limien,  distal  to  it.  There  is  also  the  condi- 
tion of  complete  diversion  of  the  lumen  outside  the  nuiscularis  into 
the  diverticulum  sac,  which  can  be  explained  best  by  the  muscular 
contraction  hypothesis. 

By  experiment  on  dog.s'  appendixes,  it  has  been  demonstrated  that 
operative  muscular  defects  result  immediately  in  ])rotrusions  of  mucosa 
and  submucosa  accompanied  by  active  contractions  of  the  circular 
and  longitudinal  muscles,  and  that,  when  the  muscles  have  lost  their 
contractility,  no  prr)trusion  will  occur,  if  the  lumen  is  empty.  It  has  also 
been  shown  that  moderate  distention  of  the  lumen  will  result  in  a  similar 
protrusion,  while  extreme  di'^tention  results  in  obliteration  of  the 
diverticulum. 

From  the  foregoing  data,  the  following  attempt  has  been  made  to 
reconstruct  the  process  of  diverticulum  formation.  An  appendix  in 
which  a  diverticulum  occurs  must  be  thought  of  as  a  muscular  tube 
above  the  aver.age  in  thickness,  and,  because  increase  in  slrurture  con- 
notes increase  in  function,  capable  of  unusually  powerful  contraction, 
both  longitudinally  and  transversely.  It  always  contains  submucosa, 
mu.scularis  mucosae,  mucosa  and  more  or  less  material  within  the  lumen. 
The.se  different  elements  are  relatively  inert  and  should  be  thought  of 
as  the  contents  of  the  muscular  tube,  even  though  some  of  them  are 
locsely  attached  to  its  inner  surface.  If  such  a  muscular  tube  con- 
tracts, it  becomes  a  potentially  closed   cavity,  rmd   there  is   exerted  a 
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strong  pressure  on  the  contents,  which  may  be  considered  as  fluid,  and 
so  governed  by  the  laws  of  hydrostatics.  If  there  is  a  weak  point  in 
the  muscular  tube  incapable  of  withstanding  this  transmitted  force, 
it  must  yield,  and  the  contents  will  protrude  through  the  gap  to  a 
point  where  the  driving  and  resisting  forces  become  equalized.  Depend- 
ing on  the  balance  between  these  two  forces,  the  protruded  elements  mav 
consist  only  of  mucosa  and  submucosa  immediately  adjacent  to  the 
defect,  or  they  may  consist  of  the  entire  contents  of  the  muscular  tube 
in  the  segment  containing  the  defect.  In  the  former  case,  there  will  be 
a  diverticulum  consisting  of  a  simple  pouch  lined  with  mucous  mem- 
brane; in  the  latter,  complete  diversion  of  the  lumen  into  the  diver- 
ticulum sac. 

REPORT     OF     CASES 
APPENDIXES    WITH    DIVERTICULA 

Case  1. — July  3,  1922,  a  specimen  was  removed  at  necropsy  by  Dr.  B.  M. 
Vance  from  a  woman,  aged  46,  whose  history  was  unknown  (  medical  examiner's 
case). 

Gross  ExaDiiuatioii. — The  specimens  were  the  cecum,  ascending  colon, 
terminal  ileum  and  appendix.  The  appendix  was  about  6  cm.  long  and 
sinuously  curved.  Near  its  base  a  band  extended  from  the  parietal  peritoneum 
to  the  mesentery  of  the  appendix.  Almost  opposite  this,  another  broad  band 
extended  from  the  terminal  ileum  and  its  mesentery  to  the  appendix  and  its 
mesentery.  These  were  probably  congenital.  The  appendix  varied  in  diameter 
from  5  mm.,  near  the  base,  to  10  mm.,  just  beyond  the  middle.  When  the  cecum 
was  distended,  apparently  no  fluid  passed  into  the  appendix.  The  distal  half 
of  the  appendix  had  a  free  mesentery,  containing  a  considerable  amount  of  fat. 
In  this  could  be  seen,  buried  in  fat,  two  hemispheric  bulgings,  which  were 
apparently  continuous  with  the  mesenteric  border  of  the  appendix. 

A  longitudinal  section  revealed  that  the  lumen  in  the  proximal  part  was 
patent,  but  measured  only  about  1  mm.  in  diameter  and  contained  a  small 
amount  of  thick,  slimy  greenish  material.  At  a  distance  of  3.7  cm.  from  the 
cecal-appendiceal  junction,  the  lumen  came  to  an  abrupt  termination  after  being 
diverted  to  one  side.  A  thin  septum  separated  it  from  the  terminal  portion  of 
the  appendix,  where  the  lumen  was  widely  dilated  up  to  5  mm.  and  filled  with 
thick,  white  flocculent  material.  In  this  portion  of  the  appendix,  there  were 
two  defects  in  the  muscularis  of  the  mesenteric  border,  through  the  more 
proximal  of  which  a  protrusion  of  mucosa  and  submucosa  had  occurred  for  a 
distance  of  4  mm.  Through  the  more  distal  gap,  not  only  had  the  mucosa  and 
submucosa  of  the  same  side  protruded,  but  also  all  the  rest  of  the  mucosa  and 
submucosa  of  that  region,  so  that  the  entire  lumen  had  come  to  lie  outside 
the  appendix,  within  the  sac  of  the  diverticulum.  From  the  diverticulum,  the 
lumen  passed  back  within  the  surrounding  muscular  coats  once  more  in  its 
course  toward  the  tip,  becoming  markedly  constricted  as  it  did  so.  At  the  tip 
itself,  there  was  a  third  defect  in  the  muscularis  through  whicli  the  mucosa  and 
submucosa  passed,  dilating  up  to  3  mm.  to  form  a  terminal  diverticulum,  which 
was  surrounded  by  the  mesenteric  fat  at  the  tip.  The  muscular  coat  of  the 
appendix  throughout  was  thick,  averaging  from  1.5  to  2  mm.  The  vascular 
defects  in  the  mesenteric  border  were  for  the  most  part  slender  white  lines 
about  0.3  mm.  tliick  :  one   however,  measured  1  mm.  (Fig.  1  ). 
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Fig.  1  (Case  1). — Appearance  of  necropsy  specimen  from  a  woman,  aged 
46,  with  unknown  history.  The  appendix  has  been  l)isected  longitudinally.  /? 
is  the  junction  of  the  appendix  with  the  cecum  ;  Ji  tlic  mcsontcriolum.  I'hc 
muscular  coat  C  is  easily  rlistinguished,  l)y  its  darker  apiiearance,  fmin  the 
white  appearing  mucosa  and  submucosa.  At  D,  a  septum  of  mucosa  and  ^uh- 
mucosa  narrows  the  lumen  and  diverts  it  toward  the  niesentiTic  liorfUr,  so  tlial 
the  proximal  portion  of  the  lumen  is  comijletely  separated  fnmi  tlu  dislal. 
Ficyond  this,  the  lumen  is  widely  dilated,  and  the  mucosa  and  submucosa  pass 
through  a  defect  in  the  mesenteric  border  forming  the  simple  pouchlike  diver- 
ticulum li.  At  /•"  is  another  diverticulum  with  complete  diversion  of  the  lumen 
out.sidc  the  muscular  coats.  The  septum  of  submucosa  and  mucosa  G  api)ears 
complete  in  the  plane  of  the  section,  but  there  was  a  small  hole  in  it  through 
which  the  continuity  was  maintained,  indicated  by  the  black  marker  in  the 
diverticulum.    //  is  a  diverticulum  at  the  tip. 
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Microscopic  Examination. — Sections  from  the  terminal  diverticulum  revealed 
that  the  sac  of  submucosa  and  mucosa  projected  for  only  a  short  distance 
through  the  muscular  defect.  It  was  intimately  adherent  tn  the  surrounding'  fat, 
and  there  were  many  dilated  veins  immediately  about  it.  The  mucous  membrane 
lining  the  sac  was  thin  and  poorly  supplied  with  glands,  and  the  submucosa 
showed  only  an  occasional  small  lymph  follicle.  Sections  of  the  large  diver- 
ticulum into  which  the  lumen  was  diverted  confirmed  the  gross  findings  in  every 
way.  The  thin  septum  which  passed  from  the  wall  of  the  appendix  opposite 
the  muscular  defect,  through  and  completely  across  the  diverticulum  to  its  ape.x. 
was  composed  of  a  central  core  of  submucosa  lined  on  both  sides  by  mucosa.  As 
in  the  diverticulum,  at  the  tip  the  mucosa  was  thin  and  poorly  supplied  with 
glands,  and  the  submucosa  contained  only  an  occasional  lymph  follicle.  The 
subserosa  was  everywhere  thick  and  well  supplied  with  dilated  blood  vessels. 
The  muscular  coats  appeared  thick  and  intact,  and  were  without  evidence  ot 
previous  inflammation. 

Case  2. — History. — F.  K.,  man,  aged  30,  married,  a  German  fireman,  suffered 
from  cramps  and  vomiting  for  three  days.  He  had  had  no  previous  similar 
attacks,  and  was  never  constipated.  There  was  tenderness,  and  a  mass  was 
palpable  in  the  cecal  region.  The  temperature  was  99.4  F.  The  white  blood 
cells  numbered  15,400;  polymorphonuclears,  83  per  cent. 

Operation  (Dr.  Joelson,  supervised  by  Dr.  W.  B.  Parsons).— May  27,  1922: 
The  appendix  was  acutely  inflamed,  laterad  to  the  colon,  extended  up  along  the 
right  side  of  the  cecum,  and  was  bound  down  by  recent  fibrinous  adhesions. 
It  was  excised  from  the  tip  back,  and  the  wound  was  drained.  Recovery 
followed.  June  12,  1922.  there  was  a  small  granulating  area  still  unhealed  in 
the  abdominal   wound.     Otherwise   the   patient   was   well. 

Gross  Examination. — The  specimen  was  about  12  cm.  long.  It  was  slightly 
angulated  at  the  junction  of  the  proximal  and  middle  third.-;.  The  proximal 
third  was  about  9  mm.  in  diameter.  Beyond  this,  it  plunged  into  an  adherent 
swollen  mass  of  fatty  tissue,  which  was  dusky  red  and  covered  with  a  flaky, 
fibrinous  exudate.  The  diameter  of  this  mass  was  2.6  cm.  on  the  average  (the 
appendix  itself  in  this  portion  measured  1.7  cm.  in  diameter.)  ;  1.2  cm.  from  the 
base,  there  was  a  rounded.  l)ulbous  excrescence,  slightly  pedunculated  and 
averaging  1  cm.  in  all  diameters,  projecting  from  the  mesenteric  border.  It  was 
soft  and  reddened  and  had  infiltrated  fibrous  tissue  and  fibrin  adherent  to 
its  dome. 

On  longitudinal  section,  the  appendix  was  found  to  be  divided  into  three 
sharply  defined  zones.  In  the  proximal  portion,  the  lumen  was  a  narrow  slit 
less  than  1  mm.  in  diameter  and  apparently  empty.  It  extended  in  a  straight 
line  for  a  distance  of  1.5  cm.,  until  it  reached  a  point  opposite  the  middle  of  the 
diverticulum,  where  it  bent  sharply  at  a  right  angle  toward  the  mesenteric 
border  and,  accompanied  by  the  mucosa  and  submucosa  of  both  the  mesenteric 
and  antimesenteric  borders,  passed  through  a  broad  defect  in  the  thick  mus- 
cularis.  Here,  it  joined,  bv  a  mere  potential  slit,  the  second  portwn  ot  the 
appendix.  Beyond  this  slit,  the  lumen  was  abruptly  dilated,  forming  the  mam 
cavitv  of  the  diverticulum.  The  lumen  then  passed  back  through  the  same 
defect  in  the  muscularis,  where  it  was  somewhat  narrowed  and.  turning  again 
at  a  right  angle,  resumed  its  course  along  the  center  of  the  long  axis  of  t he 
appendix.  This  portion  was  1  cm.  from  the  apex  of  the  diverticulum  to  the 
center  of  the  appendix  and  2.5  cm.  along  its  long  axis.  It  was  filled  in  this 
portion  with  thick  pale  creamy  material  under  slight  tension.  The  muscularis 
in  this  portion  had  been  torn  away  along  the  mesenteric  border  for  a  short 
distance,  probably  by  operative  trauma.     The  second  portion  ended  abruptly  as 
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a  blind  pouch,  the  liimon  at  this  point  licing  complittly  separated  from  the 
distal  portion.  The  third  poriioH  comprised  a  dilated  liuiun  tilled  with  hloody 
pus  and  lined  with  necrotic,  hemorrhagic  granulation  tissue.  There  were  two 
broad  defects  passing  through  the  muscularis  at  the  mesenteric  border  which 
seemed  to  be  composed  of  reddened,  congested  fibrous  tissue.  The  broadest 
was  1.2  mm.  One  similar,  but  much  more  slender,  fibrous  thread  passed 
through  the  muscularis  of  the  antimesenteric  border.  Surrt)un(ling  the  distal 
half  was  the  tremendously  thickened  edematous  fat  of  the  adherent  mesentery. 
On  making  further  sections  through  the  tip  longitudinally,  another  diverticulum 
was  revealed,  with  a  neck  passing  through  the  muscularis  about  1  mm.  ])road, 
beyond  which  was  a  cavity  3  mm.  in  diameter  in  the  surrounding  mesenteric 
fat.  .At  its  thickest  part,  the  muscularis  measured  1.5  mm.  in  width.  The  width 
of  the  broadest  vascular  defect  was  1.2  mm.   (Fig.  2). 

Mu-rosco(>ic  Exainiuatioit. — The  section  through  the  large  diverticulum,  near 
the  base,  revealed  that  it  was  lined  with  flattened  mucous  membrane  and  that 
the    thick,    creamy    material     filling    it    was    made    up    almost    exclusively    of 
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Fig.  2  (Case  2). — .Appearance  of  an  acutely  inllained  api)eiulix  from  a  man, 
30  years  old.  There  were  no  previous  attacks.  At  A  is  shown  a  diverticulum 
in  the  mesenteric  border  near  the  base,  with  complete  diversion  of  the  lumen  of 
the  ai)[)endix  into  the  diverticulum,  because  of  the  projection  of  the  tongue  of 
mucosa  and  submucosa  /i  through  the  muscular  defect  (compare  Fig.  3).  At 
C,  the  lumen  is  completely  interrupted  by  a  septum  of  connective  tissue,  beyond 
which  there  is  partial  necrosis  of  the  mucosa  coincident  with  the  acute  inflamma- 
tion. /)  and  D  are  two  vascular  defects  filled  with  connective  tissue  in  the 
muscularis  of  the  mesenteric  border;  D'  is  a  similar  defect  in  the  muscularis 
of  the  antimesenteric  border;  E,  region   from  which  Figure  4  has  been  made. 


leukocytes.  The  dilated  central  portion  of  the  appendix  which  was  continuous 
with  this  diverticulum  was  lined  with  a  mucosa  of  similar  type.  The  mucosa  of 
the  proximal  portion  was  more  normal  in  appearance.  The  neck  of  subinucosa 
which  extended  from  the  antimesenteric  side  oi  the  appendix  through  into 
the  diverticulum  was  composed  only  of  fibrous  and  fatty  tissue,  which  was 
covered  by  the  muscularis  mucosae  and  mucous  membrane.  The  diverticulum 
was  covered  exclusively  by  submucosa  and  muscularis  mucosae,  outside  of 
which   was  adhf-rcnf    fatty  tissue.     A   vessel  of  considerable  size  passed  down 


19 

alongside  the  neck;  which  suggested  that  the  diverticulum  occurred  in  one  of 
the  normal  vascular  defects  in  the  muscularis  of  the  mesenteric  border  (Fig.  3). 
Sections  from  the  tip  of  the  appendix  revealed  that  the  mucosa  was  exten- 
sively destroyed  by  a  suppurative  process.  Where  it  was  preserved,  it  was 
represented  by  a  single  layer  of  columnar  cells,  with  only  a  few  short  mucous 
glands  scattered   at   intervals  between  them.     At  a  point  opposite  the  abscess, 
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Fig.  3  (Case  2).— Appearance  of  microscopic  section  of  diverticulum  A 
shown  in  Figure  2 :  diversion  of  lumen  surrounded  by  mucosa  and  submucosa 
through  defect  in  muscular  coats.  The  section  is  through  a  plane  which  shows 
the  afferent  and  efferent  sections  of  the  lumen  passing  through  the  vascular 
defect,  but  does  not  show  its  continuity  toward  the  cecum  at  A.  nor  toward  tlu- 
tip  at  B.    This  continuity  is  apparent  in  Figure  2. 


there  was  a  defect  in  the  muscularis.  and  through  this,  mucous  membrane 
extended  to  a  point  almost  opposite  the  external  coat.  Here  it  ceased  and  the 
rest  of  the  cavity  was  lined  with  granulation  tissue  and  filled  with  a  mass  of 

leukocytes  mixed   with   mucus   and  mononuclear  cells    (Fig.  4). 
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The  condition  in  tlic  tip  sui;gostoil  tliat  a  iniuiKilc  was  prolialily  in  the 
course  of  formation  in  the  distal  isolated  portion  witli  a  diverticulum  at  its  tip. 
An  infection  involved  tlie  tip.  causing  a  perforation  of  tlic  diverticulum,  which 
had  resulted  in  abscess  formation  in  the  mesentery.  The  central  portion  liad 
probably  been  involved  secondarily  in  the  acute  inflammatory  reaction,  causinj.;  an 
empyema  involving  this  portion  and  its  extension  into  the  proximal  diverticulum. 
The  small  proximal  portion  attached  to  the  base  had  practically  escaped  involve- 
ment at  this  stage  of  the  infection. 

C.\SE  3. —  History. — L.  W'..  a  colored  woman,  ageil  20.  single,  an  .American, 
who  was  doing  maid  service,  had  suffered  pain  in  the  right  lower  quadrant  for 
the  past  two  weeks,  which  had  grown  steadily  worse  and  was  increased  by  urina- 
tion. There  was  no  nausea,  but  she  had  vomited  twice,  iwo  similar  attacks 
had  occurred,  one  and  two  and  one-half  years  ago.  with  fever  whicii  lasted 
from  four  to  six  weeks.  In  the  past,  she  had  four  attacks  of  pain,  swelling  and 
redness  of  the  left  ankle  and  shoulder.  She  was  usually  constipated.  Pro- 
miscuDUS   intercourse   was  admitted. 


Fig.  4  (Case  2). — Drawing  of  microscopic  slide  of  section  made  through 
tip  of  appendix  at  E  in  Figure  2,  but  at  a  deeper  plane.  The  lumen  of  the 
appendix  is  shown  at  A,  surrounded  by  inflamed  mucosa  which  has  been  destroyed 
at  H.  At  C  is  the  opening  of  a  mucous  membrane  lined  tract  which  leads  through 
a  defect  in  the  muscular  coats  MM,  into  an  extra  muscular  cavity  D,  lined  with 
granulation  tissue  and  filled  with  mucus  and  pus.  .'\t  /'"  is  a  connective  tissue 
filled  va.scular  defect  passing  from  the  me.senteriohun  througii  the  muscular 
coats  to  the  submucosa. 


lixamination. — There  was  marked  tenderness  low  down  in  tlie  right  lower 
rjuadrant  and  slight  tenderness  in  the  left  lower  quadrant.  The  cervix  was  large, 
soft  and  irregular.  There  was  intense  pain  when  the  cervix  was  moved.  There 
was  a  tender  mass  in  the  right  fornix  and  slight  tenderness  in  the  left  fornix. 
The  patient  was  observed  in  the  hospital  for  eleven  days,  during  which  time 
she  improved  greatly.  The  temi)erature  ranged  from  101.4  to  98  F.  The  white 
blood  cells  numbered  8,1(KJ;  polymorphonuclears  were  81  per  cent.;  hemoglobin, 
70;  the  red  blood  cells  numbererl  4,600,00^).  The  Wassermann  reaction  was 
negative. 
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Operation  (Dr.  Joelson,  supervised  by  Dr.  J.  Greenough).— March  13,  1922: 
Right  salpingo-oophorectomy,  left  salpingectomy,  myomectomy  of  small  uterine 
fibromyoma  and  appendectomy  were  performed.  The  appendix  was  retrocecal 
and  entirely  retroperitoneal.  Uneventful  recovery  ensued.  May  13.  1922.  the 
wounds  were  fully  healed,  and  the  patient  felt  relieved  of  symptoms. 

Gross  Examination. — The  specimen  was  an  appendix  6  cm.  long  and  varying 
from  5  to  8  mm.  in  diameter.  The  surface  was  dull  and  roughened.  The  super- 
ficial vessels  were  injected.  There  were  several  small  firm  white  nodules  on 
the  mesenteric  and  antimesenteric  borders,  averaging  about  2  mm.  in  diameter. 
On  the  mesenteric  border  near  the  tip.  there  was  a  much  larger  one,  projecting 
4  mm.  from  the  surface  and  measuring  5  mm.  in  diameter.  On  longitudinal 
section,  the  lumen  of  the  appendix  was  found  to  be  patent  to  within  7  mm.  of  the 
tip;  from  3  to  4  mm.  in  diameter,  and  filled  with  inspissated  fecal  material. 
The  wall  of  the  appendix  averaged  2  mm.  in  thickness,  of  which  the  muscuiarjs 
occupied  1  mm.  One  fibrous  band  was  seen  passing  through  the  muscularis  in 
the  mesenteric  border,  which  was  0.8  mm.  in  diameter.  The  terminal  7  mm.  of 
the  appendix  seemed  to  show  first  an  obliteration  of  the  mucosa  and  its  replace- 
ment by  fibrous  tissue;  beyond  this  the  lumen  was  a  mere  potential  space  sur- 
rounded by  a  small  amount  of  mucous  membrane.  It  seemed  to  pass  out  into 
the  large  nodule  projecting  from  the  mesenteric  border.  (A  more  detailed 
description  of  this  appendix  cannot  be  given  for  it  was  unfortunately  mislaid 
after  this  preliminary  examination  had  been  made).  With  the  appendix  were 
a  fibromyoma  of  the  uterus,  two  chronically  inflamed  tubes  and  a  cystic  ovary. 

Microscopic  Examination. — Sections  from  the  tip  of  the  appendix  revealed 
a  diverticulum  formed  by  the  extension  of  the  submucosa  and  mucosa  through 
a  defect  in  the  muscular  layers.  On  one  side  of  the  diverticulum,  a  slender 
strand  of  the  inner  circular  muscle  had  been  carried  through  the  gap  with  the 
submucosa  and  extended  almost  to  the  highest  portion  of  the  dome  of  the 
diverticulum.  There  were  two  distinct  lumina  in  the  diverticulum,  lying  side  by 
side  as  it  passed  through  the  muscularis,  each  lined  with  mucosa  and  sub- 
mucosa, which  join  in  the  extramuscular  sac.  A  good  sized  vein  lay  alongside 
the  neck  of  the  diverticulum  as  it  passed  through  the  muscularis.  A  section 
taken  from  one  of  the  smaller  nodules  along  the  mesenteric  liDrder  described  in 
the  gross  presented  a  mass  composed  of  connective  tissue  surrounding  a  nunil)er 
of  relatively  large  thick  walled  veins  passing  through  a  gap  in  the  muscularis 
and  widening  out  to  form  a  tiiickcr  rounded  mass  outside  the  muscularis,  in 
this  way  simulating  a  diverticulum,  although  no  mucous  membrane  appeared 
in  it.  (This  is  an  example  of  the  false  diverticulum  described  by  Seelig"^). 
None  of  the  sections  presented  any  signs  of  acute  inflammation. 

Case  A.— History.— K.  W.,  man,  aged  54.  a  widower.  American,  had  suffered 
for  thirty-six  hours  from  generalized  pain  in  the  abdomen  and  vomiting.  Ho 
had  had  no  previous  similar  attacks  but  had  had  vague  gastric  disturbances  and 
cramps  occasionally  in  tlic  past.  Tliere  were  tenderness  and  muscular  spasm 
about  the  umbilicus  and  in  the  mesial  portions  of  both  lower  quadrants.  The 
temperature  was  100.6  F.  The  white  blood  cells  numbered  21,()()0;  the  poly- 
morphonuclears were  93  per  cent. 

Operation  (Dr.  Greenough).— Jan.  27,  1922:  Appended. .my  with  drainage 
was  carried  out.     The  appendix  lay  behind  the   ileocolic  junction   in   a   region 


25.  Seelig:    False  Diverticula  of  the  Vermiform   Appendix,  Ann.   Surg.  44: 
78,  1906. 
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of  localizfd  peritonitis.  A  stormy  postopirativc  course  was  attemled  by  a  pul- 
monary embolus  with  infarction  of  the  lung.  June  b.  1922.  tbere  was  bulging  of 
the  abdominal  wound,  but  the  condition  was  otherwise  good. 

Uross  Dcscriptioti. — The  specimen  was  4  cm.  in  Ungtli.  1.,^  cm.  in  diameter 
near  the  base  and  1  cm.  in  diameter  at  the  tip.  It  was  reddened  and  edematous 
throughout,  but  more  markedly  so  in  the  distal  half,  which  was  covered  with  a 
greenish-yellow  fibrinous  exudate.  The  mesenteriolum  was  also  swollen 
and  edematous,  with  a  broad  attachment.  It  was  covered  with  a  fibrinous 
exudate  throughout  its  length.  On  longitudinal  section,  it  could  be  seen  that 
the  thickening  in  the  proximal  half  was  due  to  a  tremendous  thickening  of  the 
submucosa.  The  nniscular  coat  was  2  mm.  thick.  Along  the  mesenteric  border, 
there  were  eight  vascular  defects  fmni  1  t^  1.5  mm.  in  thickness,  passing 
through  it  at  right  angles  to  the  lunun.  Un  the  antimescnteric  border,  the 
vascular  defects  were  barely  visible.  The  lumen  for  a  distance  of  2.3  cm.  was 
small  but  patent  and  passed  with  slight  deviations  nearly  through  the  center 
of  the  appendix;  then  it  made  a  right  angled  turn  and,  accompanied  by  the 
mucosa  and  submucosa,  passed  througli  the  muscular  coat  to  form  a  dilated  sac 


Fig.  5  (Case  4). — .\ppearance  of  acutely  inHammed  appendix  from  a  man 
of  54,  who  had  had  no  previous  attacks.  At  the  left  is  the  external  appearance 
of  the  appendix,  with  the  thickened  mass  of  the  mesentery  above,  with  fibrin 
adherent  to  it.  To  the  right  is  a  longitudinal  section  showing  the  single 
diverticulum  in  the  mesenteric  border  with  complete  diversion  of  the  appendix 
lumen  into  it.  The  thick  muscular  coats  appear  as  a  broad  dark  band,  inter- 
rupted along  the  mesenteric  border  by  the  diverticulmn  and  by  seven  sharply 
contrasted  connective  tissue  fd led  vascular  defects. 


5  mm.  in  diameter  between  the  leaves  of  the  mesenteriolum.  It  tlien  proceeded 
directly  back  toward  the  center  of  the  appendix,  paralleling  its  former  course 
outward,  and  passing  through  the  same  mu.scular  defect.  Having  reached  the 
center  of  the  appendix,  it  jiroceeded  on  its  course  to  the  tip.  Tiie  nniscular  defect 
through  which  the  two  arms  of  the  lumen  passed  measured  4.5  mm.  in  width.  We 
thus  had  a  complete  diversion  of  the  lumen  through  the  muscularis  into  the 
mesenteriolum.  At  one  point,  the  mucosa  lining  the  diverticulum  was  defective, 
indicating  a  pin  point  perforation  into  the  mesentery   TFig.  5). 

Microscopic  /ijramina//o/i.— Longitudinal  sections  revealed  tliat  the  diver- 
ticulum in  the  mesentery  had  a  lumen  5  mm.  in  diameter,  lined  witli  intact 
mucosa  surrf>undcd  by  submucosa  and  the  thickened  edematous,  inflamed 
mesentery.  Only  one  of  the  mucosal  tubes  connecting  it  with  the  site  of  the 
original  appendix  lumen  was  shown  in  these  slides.     This  was  also  lined  with 
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intact  mucosa  as  it  passed  through  the  broad  defect  in  the  muscularis.  Several 
other  broad  defects  in  the  muscularis  were  seen,  through  which  passed  blood 
and  lymphatic  vessels  and  dense  connective  tissue.  Surprisingly  little  evidence 
of  the  acute  inflammatory  reaction  appeared  in  the  section  except  in  the  form 
of  a  fibrinopurulent  exudate  on  the  serosa  and  fibroblastic  reaction  in  the 
mesentery,  together  with  a  moderate  edema  and  dilation  of  Ivmphatic  vessels 
(Fig.  6). 

Case  5. — History. — J.  F.  D.,  man,  aged  21,  single.  American,  a  clerk,  suffered 
sudden  sharp  cramplike  pains  in  the  abdomen  which  were  not  relieved  by  any 
measures  taken.  The  bowels  moved,  and  he  vomited  once.  He  had  had  six 
similar  attacks  during  the  past  year.    He  was  usually  constipated.    The  tempera- 


Fig.  6  (Case  4).— Photumicrograph  of  the  appendix  shown  in  Figure  .^.  i  m- 
diverticulum  lined  with  mucosa  and  submucosa  in  the  mesenteric  fat  is  shown  at 
A.  The  afferent  i)ortion  of  the  lumen  leading  from  the  cecal  end  of  the  appen- 
dix to  the  diverticulum  sac  is  shown  at  B.  The  continuity  of  the  diverticulum 
with  the  lumen  of  the  appendix  at  the  tip  C  is  not  shown  in  this  section  but  is 
clear  in  Figure  5.  DDD  are  four  of  the  broad  defects  in  the  mesenteric  border 
of  the  muscularis  filled  with  blood  vessels  and  connective  tissue.  The  ball-like 
expansions  of  these  outside  the  muscular  coats  (so-called  false  diverticula)  are 
well  shown. 

ture  was  100.6  F.  The  wliite  blood  cells  numbered  IZ.dOO;  polymorphonuclears. 
90  per  cent.  Tenderness  was  noted  on  both  sides  of  the  midline  below  the 
umbilicus.  There  was  rectal  tenderness  anteriorly,  and  marked  distention  of 
the  colon. 

Operation  (Dr.  H.  A.  Murray,  supervised  by  Dr.  W.  G.  Penfield).— Jan.  9. 
1922:  The  appendix  was  retrocecal,  apparently  perforated  near  the  tip. 
swollen,  reddened,  and  covered   with   fibrin.     A  quantity  of   free,  gray  purulent 


24 

fluid  was  found  in  the  peritoneum,  which  urew  H.  lU-idilnctici.  Apiicndcctoniy  was 
performed,  with  drainage.  The  wound  liealcd  slowly,  hut  convalescence  was 
otherwise  smooth. 

July  18.  VU2:  The  scar  hail  a  sli.nht  tcndoncy  to  liul.i^c  ;  utluTwisr  the  patient 
was  well. 

iiross  lixtiniimUioit. — The  siiecinien  was  an  appendix  ahout  5  cm.  long  and 
0.8  cm.  in  diameter.  It  was  slightly  cnrveil.  reddened  and  edematous,  and  the 
distal  half  was  dusky  red  and  covered  with  a  thick.  Haky  fihrinous  exudate. 
The  mesentery  was  thickened  and  attached  along  the  convex  hordcr.  No 
diverticula  were  visihle  externally,  nor  was  there  external  evidence  ot 
perforation. 

On  longitudinal  section  of  the  organ,  it  was  apparent  that  at  the  hase  for 
a  distance  of  5  mm.  the  lumen  of  the  appendix  was  completely  occluded  and 
replaced  hy  fihrous  tissue.  Distal  to  this  ilie  lunuii  was  widely  dilated  and 
lined  with  a  smooth  layer  of  mucous  menihrane.  It  contained  cloudy  fluid. 
It  was  at  once  apparent  that  there  were  three  complete  diverticula  along  the 
mesenteric  herder  in  the  distal  half.  Two  of  these  measured  ahout  4  mm.  in 
diameter   and   consisted   apparently   of   protrusions    of   inucosa   and    suhnuicosa 


Fig.  7  (Case  5). — Apiiearance  of  the  acutely  inflamed  appendix  of  a  man, 
aged  21,  who  had  had  six  itrcceding  acute  attacks.  To  the  left  is  the  external 
ajipearancc,  showing  the  tip  covered  with  fihrin  and  the  inesenteriolum  attached 
along  the  convex  border;  to  the  right  a  longitudinal  section,  showing  complete 
obliteration  of  the  lumen  at  the  base,  A,  beyond  which  it  is  widely  dilated. 
li',  B"  and  fi'"  are  three  diverticula  in  the  mesenteric  border.  (  is  a  nniscular 
defect  in  the  mesenteric  border,  and  P.  a  muscular  defect  in  liie  anliniesentcric 
border.  Between  fi'  and  /i"  is  what  appears  to  he  an  incomplete  divirtieulum. 
This  is  incorrectly  drawn,  as  it  is  a  defect  similar  to  P. 


through  defects  in  the  muscularis.  which  were  ahout  i  mm.  in  (liannler.  J  lie 
most  distal  diverticulum  near  the  tip  was  much  larger  when  it  reached  the 
mesentery,  spreading  out  over  an  area  nearly  1  cm.  in  length.  It  was  filled 
with  semigelatinous.  mucoid  material  and  there  was  a  ])erforation  through  one 
end  into  the  mesenteric  fat.  It  was  noticeable  that  there  were,  in  addition 
to  the  complete  diverticula,  two  defects  in  the  muscularis  along  the  mesenteric 
border  and  one  along  the  antimesenteric  border,  all  of  which  were  filled  with 
dense,  white  connective  tissue.  The  defect  on  the  antimesenteric  ])order  was 
capped  with  a  small  ball  of  dense  white  tissue  in  the  suhserosa.  No  lumen  or 
mucosa  appeared  to  be  present  in  these  three  areas.  The  muscularis  measured 
about  2  mm.  in  thickness.  The  broadest  point  was  2.2  mm.  in  thickness.  The 
connective  tissue  fdled  defects  averaged  0.5  mm.  in  diameter   (Fig.  7). 
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Microscopic  Examination. — A  section  taken  near  the  tip  revealed  that  the 
largest  diverticulum  was  a  protrusion  of  submucosa,  muscularis  mucosae  and 
mucosa  through  a  large  defect  in  the  muscularis,  into  the  tissue  between  the 
leaves  of  the  mesentery.  It  had  spread  out  considerably  in  this  situation  and 
at  its  proximal  end  had  a  defect  in  its  lining  mucous  membrane  which  com- 
municated directly  with  a  mass  of  mucus  lying  free  in  the  tissues.  This 
mucus  was  mixed  with  round  cells  and  leukocytes.  In  the  surrounding  tis- 
sues, there  was  edema,  congestion  of  vessels  and  cellular  infiltration.  On  the 
serous  surface  was  adherent  an  exudate  of  fibrin  and  leukocytes  (Fig.  8).  The 
other  two  diverticula  were  of  the  usual  type.  There  were  also  defects  in  the 
mesenteric  border  of  the  muscularis,  filled  with  connective  tissue  which  sur- 
rounded thick  walled  veins.  The  lack  of  signs  of  inflammatory  reaction  in  the 
appendix  itself  made  one  suspect  that  the  infection  started  possibly  in  the 
mucocele  which  came  from  the  diverticulum  at  the  tip  of  the  appendix. 


^\:    C 
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Fig.  8  (Case  5). — Drawing  made  from  the  microscopic  section  of  diverticulum 
B'",  Figure  7.  At  A  is  shown  the  neck  of  the  diverticulum  leading  to  the  extra 
muscular  cavity  which  is  lined  with  mucous  membrane  except  at  B,  where  it 
stops  at  the  small  opening  shown  in  the  illustration.  This  leads  into  an  accessory 
cavity  C,  which  is  lined  with  the  connective  tissue  of  the  mesentery  and  con- 
tains mucus  and  leukocytes.  The  mucous  membrane  lining  the  lumen  of  the 
appendix  was  torn  away  in  making  the  section.  Here,  we  have  a  diverticulum 
with  an  infected  mucocele  leading  off  from  it.     />  is  a  va.scular  defect. 


Case  6.— History.— ^\..  F.  C,  woman,  aged  28.  single.  American,  a  book- 
keeper, came  to  the  hospital  to  have  the  appendix  removed  because  of  a  recent 
acute  attack  of  appendicitis. 

Examination.— On  admission,  tenderness  was  elicited  on  deep  palpation  in 
the  right  lower  quadrant.  All  other  signs  were  negative.  The  temperature 
was  99  F.  The  white  blood  cells  numbered  7.100;  polymorphonuclears.  66 
per  cent. 

Operation  (Dr.  F.  B.  St.  John).— July  23.  1921:  Appendectomy  was  per- 
formed.     The  appendix   was   found   in   the   pelvis   adherent   to   the   surrounding 
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stnictures  by  recently  lorincd  soft  adhesions.  Three  nodules  were  noted  alony 
the  antiniesenteric  border  and  one  at  the  tip.  The  patient  made  a  good  recovery. 
Uross  Exawitiiilii^ti. — The  specimen  measured  6.5  cm.  in  length  and  1  cm. 
in  diameter  in  the  distal  half.  A  large  mass  of  mesenteric  fat  was  attached 
distalty.  It  was  pink  and  smooth,  except  in  a  few  scattered  areas  from  which 
adhesions  had  been  turn.  .\t  the  tip  was  a  firm  nnmded  pale  mass,  7  mm. 
in  diameter.  Three  similar  rounded  projections,  smaller  in  size,  were  seen  on 
the  antiniesenteric  border  in  the  distal  half.  On  longitudinal  section,  it  was 
seen  that  the  appendix  was  somewhat  irregularly  curved,  with  its  concavity 
toward  the  mesentery.  The  lumen  appeared  to  be  patent  throughout,  varying 
from  2  to  3  mm.  in  diameter.  White  lines  representing  vascular  defects  filled 
with  connective  tissue  could  be  seen  in  both  the  mesenteric  and  the  antiniesenteric 


Fig.  9  (Casu  hi.  .\ppearance  of  appendix  removed  from  a  woman  of  28, 
in  an  interval  following  an  acute  attack.  To  the  left  is  the  external  appearance 
of  the  appendix  showing  the  three  nodules  on  the  antimesenteric  border,  one 
at  the  tip  and  the  large  mass  of  fat  in  the  mescnteriolum ;  to  the  right, 
a  longitudinal  section  showing  these  four  diverticula  and  three  others  in  the 
mesenteric  border,  at  A,  li  and  C.  It  will  be  noted  that  the  lumen  is  patent 
throughout  and  remains  within  the  muscular  coats,  although  diverticulum  B 
has  apparently  two  cavities.  (For  an  explanation  of  this,  compare  the  gross 
description  of  Case  6.) 


borders.  The  broadest  one  was  in  the  former,  measuring  1  mm.  in  widtli.  It 
was  at  once  aj)i)arent  that  there  were  seven  diverticula  in  the  appenrlix :  three 
in  the  mesenteric  and  three  in  the  antimesenteric  border,  and  one  at  the  tip, 
which  was  the  largest.  .Ml  of  these  seemed  to  be  simple  protrusions  of  the 
mucosa  and  submucosa  through  the  muscularis,  which  averaged  2.7  mm.  in 
thickness,  except  the  middle  one  r,n  the  mesenteric  side,  which  was  a  more 
complicated  affair.  There  seemed  to  be  a  fold  or  septum  of  mucosa  and  sub- 
mucosa in  the  neck  of  the  diverticulum  as  it  passed  through  the  muscularis.  so 
that   in  one   half  of  the  cut  section   it  appeared   as   if  there   were  two  lumina; 
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while  in  the  opposite  half  there  appeared  to  he  only  one.  Outside  the  muscu- 
laris,  the  diverticulum  appeared  to  have  two  distinct  mucosa  lined  cavities  (Fig. 
9).  This  seemed  to  be  an  intermediate  stage  between  the  usual  simple  unilateral 
protrusion  of  the  mucous  membrane  and  the  complete  deviation  of  the  lumen 
into  the  diverticulum  sac,  illustrated  in  the  first  four  cases. 

Microscopic  Examination. — Longitudinal  sections  of  the  appendix  taken 
through  the  middle  revealed  three  of  the  diverticula,  two  on  the  mesenteric  and 
one   on    the    antimesenteric   border.      It    revealed   the   tremendouslv    thick   mus- 
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Fig.  10  (Case  6).— Appearance  of  microscopic  section  of  diverticulum.  B, 
shown  in  Figure  9.  The  section  was  made  from  the  half  of  the  appendix 
opposite  that  illustrated  in  Figure  9.  In  this  illustration,  the  lumen.  .-/,  passes 
through  the  muscularis  from  the  proximal  portion  of  the  appendix  to  an  extra- 
muscular  cavity,  5.  This,  in  turn,  communicates  with  a  second  adjacent  cavity, 
D  via  C,  and  the  lumen  then  passes  back  within  tlie  muscular  coats  at  /:.  G 
indicates  a  portion  of  diverticulum  C.  Figure  9.  .-Mlhough  the  tongue  of  sub- 
mucosa,  F,  apparently  occludes  the  lumen,  tiiis  condition  obtains  only  in  this  halt 
of  the  appendix  and  not  in  the  opposite  half,  illustrated  in  Figure  'X 


cular  coat,  which  had  a  minimum  airiount  of  connective  tissue  in  it.  Two  of 
the  diverticula  were  simple  protrusions  of  mucosa  and  sulimucosa  through 
muscular  defects.  In  the  other  one.  the  lumen  of  the  appendix  appeared  to  be 
completely  diverted,  passing  through  the  muscular  defect  into  two  mucosa 
lined   cavities   in   the  mesentery,   which   were  connected   by  a  narrow   passage; 
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and  then  passing  back  again  throiigli  tin.-  muscular  defect.  These  bulbous 
enlargements  were  filled  with  cellular  and  amorphous  debris.  In  the  surround- 
ing fat.  there  were  a  few  round  cells  and  leukocytes.  There  was  no  evidence 
of  acute  inflammation  (Fig.  10).  In  places  where  vascular  defects  without 
diverticula  passed  through  the  mucularis,  the  density  of  the  connective  tissue 
surrounding  the  veins  and  lymphatics  was  demonstrated.  In  one  instance,  a 
rounded  mass  of  this  dense  connective  tissue  with  a  mass  of  tortuous  vessels 
included  in  it  could  be  seen  capping  the  muscular  defect.  This  reached  a 
diameter  of  4  mm.  and  was  an  example  of  the  false  diverticulum  described  by 
Seelig.'^  The  serosa  was  thickened  and  edematous,  and  presented  many  dilated 
capillaries  and  lymphatics. 


*    *^ 


Fig.  11  (Case  7). — Photomicrograi)h  of  appendix  from  a  man  of  20,  removed 
during  an  acute  attack,  with  a  history  of  four  or  five  preceding  attacks.  The 
section  shows  the  \'\\>  of  the  appendix  with  a  diverticulum,  //,  lined  with  mucosa 
passing  through  a  defect  in  the  muscularis.  At  B  and  C  can  be  seen  fragmented 
smrjoth  muscle  bundles,  which  have  apparently  been  carried  out  for  a  short 
distance  with  the  protrusifin  u{  the  mucosa. 


Cask  7. — History. — J.  K.,  man,  aged  20.  single,  American,  a  farmer,  had  had 
pain  and  soreness  in  the  right  lower  quadrant  for  two  days.  The  bowels  had 
not  moved  for  two  days.  Four  or  five  mild  attacks  of  similar  nature  had 
occurred  in  the  past  six  months.  The  patient  was  not  usually  constipated. 
There  was  tenderness  in  the  right  abdomen,  most  marked  in  the  right  lower 
quadrant,  with  rigidity.  There  was  rectal  tenderness  high  on  the  right.  The 
temperature  was  102  F.  The  white  blood  cells  numbered  16,000;  polymorpho- 
nuclears, 85  per  cent. 
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Operation  (Dr.  Jameson).— April  18.  1915:  Appendectomy  with  drainage, 
was  performed.  The  cecum  was  undescended  and  of  the  infantile  type.  The 
appendix  was  retrocecal,  and  an  abscess  surrounded  the  tip,  which  was  up  under 
the  liver.  There  was  cloudy  fluid  in  the  pelvis.  The  patient  made  a  good 
recovery.  When  last  seen,  twenty-one  months  after  operation,  he  was  per- 
fectly well. 

Gross  Examination. — (.A.s  the  specimen  has  been  lost,  the  following  is  a  copy 
of  the  examination  made  in  1915.)  The  specimen  was  8  cm.  in  length.  It  was 
sharply  angulated  at  the  junction  of  the  proximal  3  cm.  with  the  distal  5  cm. 
The  proximal  portion  was  1  cm.  in  diameter  and,  after  making  the  right,  angled 
turn,  it  disappeared  into  a  mass  of  edematous  infiltrated  fat.  In  the  distal  por- 
tion, the  wall  was  edematous  and  infiltrated.  The  mucosa  api)eared  gangrenous, 
the  lumen  was  patent  but  was  filled  with  purulent  and  fecal  material ;  1  cm. 
from  the  tip,  there  was  a  diverticulum  of  the  lumen  into  the  surrounding  fat. 
It  projected  for  a  distance  of  5  mm.  and  was  somewhat  bulbous,  the  broadest 
part  measuring  5  mm.  in  diameter.  The  muscularis  averaged  about  2  mm.  in  thick- 
ness. As  the  appendix  had  not  apparently  been  cut  in  a  plane  passing  through 
the  mesenteric  and   antimesenteric  borders,   no   vascular  defects   could  be  seen. 

Microscopic  Examination.  —  Section  made  through  the  tip  of  the  appendix 
revealed  that  the  mucous  membrane  in  this  portion  was  intact  and,  with  the 
muscularis  mucosae  and  submucosa,  passed  out  through  a  defect  in  the  muscu- 
laris for  a  short  distance,  into  the  surrounding  fat.  All  the  coats  in  this  region 
were  edematous  and  were  infiltrated  with  leukocytes  and  round  cells.  This  was 
most  marked  in  the  e.xtramuscular  fat,  where,  in  addition,  all  the  vessels  were 
engorged  and  there  had  been  considerable  proliferation  of  fibroblasts.  It  was 
interesting  to  note  that  a  few  bundles  from  both  the  longitudinal  and  the  circular 
muscle  coats  had  been  carried  outward  along  the  side  of  the  diverticulum  nearly 
to  its  apex  (Fig.  11).  Aschoflf"'*  quotes  von  Brunn"'"  to  the  effect  that  this  phe- 
nomenon is  seen  in  connection  with  diverticula  which  have  followed  inflam- 
matory damage,  and  serves  to  distinguish  them  from  the  other  type.  The 
evidence  is  all  in  favor  of  this  l)eiiig  an  example  of  a  diverticulum  resulting 
from  a  former  perforation  of  the  appendix  and  protrusion  of  the  mucosa,  with 
subsequent  repair  and  regeneration  of  the  mucosa  within  the  extramuscular 
tissue. 

PERFOR.VTED    .M'I't.NDI.XES 

Case  8. — History. — J.  Z.,  man,  aged  31,  married,  Hungarian,  a  janitor,  had 
an  acute  attack  of  abdominal  pain,  with  constipation,  lasting  two  days,  finally 
localized  in  the  right  lower  quadrant.  There  had  been  no  previous  attacks. 
The  patient  had  never  been  constipated  before.  There  were  marked  pain  and 
tenderness  in  the  right  lower  quadrant  and  right  Hank.  Rectal  examination 
was  negative.  The  temperature  w^as  101.8  F.  The  white  blood  cells  numbered 
22,000;   polymorphonuclears,  92  per  cent. 

Operation  (Dr.  F.  B.  St.  John).— Jan.  16.  1910:  .-Xppendectoniy  was  per- 
formed with  drainage.  The  appendix  was  retrocecal  and  had  ruptured.  Tliere 
was  a  localized  abscess  about  it.  which  contained  a  concretion.  Culture  of  pus 
showed  B.  faecalis  alcaligcnes  and  streptococcus.  Two  years  after  operation  the 
patient  was  perfectly  well. 


26.  Von    Brunn :     Ueber    Divertikelbildung    bei    .Ai-pendicitis,    Beitr.    z.    klin. 
Chir.  46:67.  1905. 
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Gross  Exiunhiatiott. — The  specimen  was  4  cm.  long.  Tho  proximal  half  was 
swollen,  reddened,  and  covered  with  a  fibrinous  exudate.  In  the  antiniesenteric 
border,  there  was  an  area  of  perforation  nearly  1  cm.  in  length.  The  mucosa 
in  this  area  appeared  to  be  everted  and  was  covered  with  a  thick,  greenish  yel- 
low exudate.  The  distal  half  of  the  appendix  was  swollen  and  reddened,  hut 
was  not  nearly  so  much  affected  as  the  proximal  part.  W'itli  the  appendix  was 
a  fecal  concretion  which  was  rounded  and  finn,  and  measured  about  1  cm.  in 
diameter. 


Fig.  12  (Case  8). — Photomicrograph  of  a  cross  section  through  a  perforation 
of  an  acutely  inflamed  appendix.  The  broad  defect  involving  one  third  of  the 
circumference  can  be  plainly  seen,  and  at  ./  and  . /'  the  extent  of  the  eversion 
of  the  protruded  mucous  membrane,  which  at  ./'  is  practically  continuous  with 
the  serosa. 


Microscopic  lixaminatiou. — The  section  was  made  transversely  tiiroiigli  tiie 
perforation.  .Ml  of  the  coats  were  much  distended  with  edema  and  massively 
infiltrated  with  leukocytes.  The  defect  in  the  lumen  was  in  the  antimesentcric 
border  and  occupied  about  one  third  of  its  circumference.  The  muscularis  had 
retracted  so  that  it  occupied  only  about  one  half  of  the  circumference  of  the 
appendix.  The  mucosa  and  submucosa  projected  out  beyond  the  muscularis 
and  were  everted   so  that  on  one  side  the  mucosa   reached  to  the  serosa,   while 
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on  the  other  side  it  extended  to  a  point  opposite  the  middle  of  the  muscularis. 
The  mucosa  within  the  appendix  was  relatively  intact,  hut  the  protruded  portion 
was  denuded  of  surface  epithelium  and  was  represented  bj^  edematous  granu- 
lation tissue,  in  which  the  tubular  glands  appeared.  There  was  no  lymphoid 
tissue  in  any  part  of  tlie  submucosa  (Fig.  12). 

Case  9. — History. — S.  A.,  woman,  aged  23,  single,  Spanish,  a  dressmaker, 
had  an  attack  beginning  about  thirty  hours  before  operation,  of  nausea,  vomit- 
ing and  generalized  abdominal  pain,  which  later  became  localized  in  the  right 
lower  quadrant.  Two  years  before  she  had  had  an  attack  of  pain  in  the  right 
lower  quadrant,  accompanied  by  fever  and  vomiting  which  lasted  eight  days  and 
during  which  a  mass  could  be  felt  in  the  right  lower  quadrant.  SIic  was  treated 
with  morphin  and  ice  bags. 


Fig.  13  (Case  9). — Appearance  of  appendix  removed  from  a  woman  of  2.i 
during  an  acute  attack,  with  one  previous  acute  attack  two  years  before.  The 
appendix  has  been  divided  longitudinally.  The  appendix  has  perforated,  with 
protrusion  of  the  entire  lumen.  The  two  wire  markers  have  been  passed  into 
the  separated  portions.  The  entire  nodular  area  surrounding  these  two  wires 
on  the  external  surface  of  the  appendix  is  covered  willi  nnicdus  numbrane. 


Examination. — On  examination,  at  the  Presbyterian  Hdspital.  tlure  were 
rigidity  and  tenderness  over  the  lower  right  rectus,  extending  out  into  the 
flank.  No  masses  were  felt.  The  temperature  was  99  F.  The  white  blood  cells 
numbered  12,0C)0;  polymorphonuclears.  81  per  cent. 

Operation  (Dr.  J.  Greenough ).— Aug.  8,  1921;  Appendectomy  was  performed, 
with  drainage.  The  appendix  was  buried  in  dense  adhesions  and  was  incorporated 
in  the  wall  of  the  cecum,  starting  posteriorly  and  curving  forward  along  the 
lateral  aspect.  There  was  an  old  perforation  near  the  tip.  from  which  the 
mucosa  pouted.     Xo  holes  could  be  found  in  the  cecal   wall.     Pus  escaped  from 
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the  appendix  during  removal.  Following  operation,  the  patient  liad  a  secondary 
hemorrhage  in  the  wound,  suppurating  parotid  sialadenitis,  bed  sores  on  tlie 
hack  and  heels,  and  cecal  fistula.  Jan.  17,  1922.  the  cecal  fistula  was  closed  by 
oiKrration.  March  22,  incision  and  drainage  of  a  subhepatic  abscess  was 
carried  out.  June  10.  1922.  all  wiunuls  bad  liealed  :  the  patient  felt  well  and 
was  gaining  weight. 

Cross  Examituition. — The  specimen  was  5.5  cm.  long  and  niarkedl}  curved 
throughout  its  length.  It  was  swollen,  reddened,  and  covered  with  the  shaggy 
remnants  of  recently  separated  adhesions.  Near  the  tip  in  the  antimesentcric 
border  was  a  rounded,  elevated  area  covered  with  reddened  mucous  membrane 
about  1.3  cm.  in  diameter  and  raised  5  mm.  above  the  surface  of  the  appendix. 
In  this,  there  were  two  pin  point  openings,  one  of  which  was  the  mouth  of  a 
tract  leading  toward  the  tip  of  the  appendix,  while  the  other  was  liie  external 
opening  of  a  tract  communicating  with  the  lumen  of  the  appendix  toward  the 
base.  On  longitudinal  section  of  the  appendix,  these  two  mucous  membrane 
lined  tracts  could  be  seen  passing  through  a  defect  in  the  muscularis  6  mm. 
wide.  Thus,  there  was  a  complete  diversion  of  the  lumen  of  the  appendix  into 
the  extra-appendiceal  abscess  caviiv.  The  muscularis  near  the  tip  measured 
about  1.5  mm.  in  thickness.  Several  broad  white  bands  in  the  mesenteric  ])order 
of  the  appendix  represented  the  vascular  defects.  The  liroadesl  of  these  was 
1  mtn.  wide  (Fig.  13). 

Microscopic  Examination. — We  were  not  successful  in  getting  a  section  which 
included  both  tracts  in  the  same  slide.  However,  they  showed  the  mucosa  and 
submucosa  passing  outside  of  and  well  beyond  the  muscularis  and  then  turning 
outward  and  downward  until  it  met  the  serous  coat  at  a  considerable  distance 
from  the  point  at  which  it  passed  through  the  muscular  defect.  It  was  well 
formed,  and,  in  its  extra-appendiceal  portion,  the  cells  making  up  the  glands 
were  mostly  of  the  goblet  variety.  The  coats  of  the  appendix  were  somewhat 
edematous,  but  presented  only  a  very  moderate  infiltrati(jn  with  leukocytes  and 
round  cells. 

I'KOTOCOLS    OK     KXPKRI  .MK.N'TS 

Ilxperimcnt  1. — .\  young  adult  female  mongrel  uf  the  hound  type,  weight 
about  25  pounds  (11.4  kg.),  was  operated  on,  Oct.  17.  1921,  under  ether  anes- 
thesia, the  appendix  and  cecum  being  delivered  inti)  the  upper  part  of  a  right 
rectus  incision.  The  appendix  had  a  separate  mesentery  and.  except  for  the 
tip.  was  bound  down  closely  to  the  cecum.  Jt  emptied  easily  into  the  cecum 
and  refilled  almost  immediately  as  soon  as  the  pressure  was  removed.  An  area 
6  by  8  mm.  near  the  tip  was  denuded  of  serosa,  subserosa  and  muscularis  by 
sharp  dissection  with  the  knife.  At  once,  the  submucosa  and  nnicosa  l)ulged 
through  the  defect,  forming  a  dome  shaped  swelling  4  mm.  in  height.  At  the 
same  time,  it  was  noted  that  the  ajjpendix  contracted  both  in  diameter  and 
in  length,  and  its  wall  became  very  hard.  After  some  seconds,  this  muscular 
spasm  was  relaxed,  and,  coincidcntly  with  the  softening  of  the  appendix  wall 
and  the  increase  in  its  dimensions,  the  diverticulum  api)cared  slightly  less 
prominent  and  its  walls  slightly  less  distended,  it  never  disappeared.  A 
ligature,  together  with  an  attached  piece  of  omentum,  was  now  tied  about  the 
middle  of  the  appendix,  passing  through  a  hole  in  the  mescnteriolum ;  this 
constricted  the  appendix  considerably,  and  it  was  hoped  that,  with  the  formation 
of  scar  tissue,  a  permanent  obstruction  would  be  obtaincfl.  The  abdominal 
wound  was  then  closed. 

The  dog,  which  had  been  suffering  before  from  distemper,  died  of  that 
disease,  Xov.   18.   1921,   twenty-two  days   after  the  operation.     At  necropsy,  a 
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moderate  number  of  adhesions  of  omentum  to  the  appendix  were  found.  The 
terminal  ileum,  cecum,  ascending  colon  and  appendix  were  removed  from  the 
body  en  masse  and  distended  with  liquor  formaldehydi  (formalin)  before  being 
studied. 

Gross  Exammaixon. — The  diverticulum  was  now  about  8  mm.  in  diameter 
and  passed  through  a  muscular  defect  5  mm.  in  diameter.  It  was.  therefore, 
slightly  larger  than  before.     Where  the   omentum   and   silk   ligature  were   tied 
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Fig.  14  (Experiment  1 ).— Appearance  of  distal  portion  of  dog's  appendix 
showing  experimentally  produced  diverticulum  twenty-two  days  after  the  mus- 
cular defect  was  made.  Above  is  a  drawing  made  from  a  microscopic  section 
of  the  area  included  between  the  heavy  lines  in  the  sketch.  It  shows  at  ,/  and 
A'  the  ends  of  muscle  coats  with  the  protruding  mucosa  and  submucosa  passing 
out  to  form  an  extra  muscular  pouch,  .\ttachcd  to  the  apex  of  the  diverticulum 
is  a  torn  adhesion. 


about  the  appendix,  tiie  lumen   was  decreased  to  one  half  in   its  diameter,  but 
there  was  no  obstruction. 

Microscopic  }i.vaiiiiiuili,u!.~A  section  through  this  diverticulum  was  identical 
with    that    of    "acciuired"    diverticula    in    the    human    appendix.      It    showed    a 
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protrusiitn  of  mucosa,  nnisciilaris  mucosae  and  sulumicosa  ihrou^li  a  muscular 
detect.  Attached  to  the  exposed  submucosa  was  some  adhercui  niuiutuiu 
(Fig.  14). 

Exf>t-riiiu'iit  J. — A  small  male  mongrel  was  operated  on  Dec.  30,  U>21,  under 
ether  anesthesia,  the  technic  being  a  repetition  of  that  employed  in  Experiment 
1.  In  this  case,  two  defects  were  made:  one,  5  mm.  square,  by  excision  of 
muscular  coats,  the  other,  by  a  simple  incision  1  cm.  long  down  to  the  sub- 
mucosa. In  this  case,  there  was  a  bulging  of  the  submucosa  and  mucosa 
llirough  the  defects  when  the  appendix  contracted,  but  it  was  not  marked  and 
almost  disappeared  with  relaxation.  A  thick  doubled  silk  ligature  was  tied  very 
tightly  about  the  middle  of  the  appendix,  so  that  the  lumen  was  obstructed. 

The  dog  underwent  another  experiment  performed  on  his  spleen  during  tiie 
same  operation,  and  died  two  hours  later,  with  siiock  and  mcseiUeric  tluum- 
bosis.  At  necropsy,  the  appendix  was  found  lovircd  with  fibrinous  exudate 
and  a  .Nmall  amount  of  blood.  It  was  soft  and  Haccid,  and,  although  there  was 
a  slight  bulge  of  mucosa  and  submucosa  thrt)ugh  the  defect,  there  was  no  true 
protrusion  forming  a  sac  as  in  Experiment  1. 

Microscopic  Hxaiiiiiiatiini. — Section  showed  tliat  tlie  nuiscularis  bad  lieen 
completely  removed  and  that  the  mucosa  iiulj^ed  tbrou.!.;li  to  tiie  level  of  tiie 
surrounding  serosa. 

ILxpcrimcnt  .■?. — A  young  adult  female  iiioni^rel  terrier  was  ojierated  on, 
March  20,  1922.  under  ether  anesthesia,  the  apjieudix  and  cecum  bein;.;  mobilized 
and  the  appendiceal-cecal  junction  carefully  freed,  care  ])eing  taken  to  injure 
as  few  as  possible  of  the  large  vessels  in  the  mesentery.  After  crushing  with 
clamps,  the  base  of  the  appendix  was  divided;  phenol  was  applied  to  the  stump, 
and  it  was  inverted  into  the  cecum  and  buried  by  sntm-e.  The  distal  divided 
end  was  first  opened,  so  that  a  small  piece  of  C(jrk  about  S  mm.  in  diameter 
could  be  inserted  into  it;  and  then  phenol  was  ajjplied,  and  it  was  inverted  and 
buried  by  suture.  There  was  some  soiling  by  aijpi'udii  ral  contents  during  tiiis 
^tage  of  the  operation.  A  defect  5  mm.  square  was  made  in  the  wall  of  the 
appendix  over  the  cork,  exposing  the  submucosa.  At  once,  the  ajjpendix  con- 
tracted, and  the  mucosa  and  submucosa  inotrudcd  liudu).;!)  liie  detect, 
forming  a  small  dome  shaped  swelling  about  2  nun.  Iiigli.  Tliis  persisted.  The 
wound  was  then  closed.  This  operation  produicd  ;i  c mniileteiy  segregated 
appendix  with  a  foreign  body  in  it  and  a  diverticulum. 

The  dog  developed  distem])er,  and  died  April  10,  Iwenty-one  days  after 
operation. 

S'ecropsy  (.\\tr\\  II,  1922.  twenty-seven  liours  after  deatii.). — Tiiere  was  a 
suppurative  tracheitis,  bronchitis  and  beginning  bronchopneumonia.  Consid- 
erable postmortem  discoloration  was  noted  in  the  peritoneal  cavity.  The  region 
of  the  appenflix  was  completely  covered  with  firmly  adherent  omcntimi.  When 
this  was  separated,  the  appendix  was  found  lying  just  as  at  operation.  I  lie 
diverticulum  was  well  defined  anrl  apjjeared  as  before.  The  cork  was  now  in 
the  lumen,  but  slightly  nearer  the  tij).  There  was  no  distention  of  the  segregated 
appendix.  The  intestines  were  empty  excejit  for  a  minimal  amount  of  fecal 
material  in  the  large  intestine.  The  dufjdenum,  with  the  pancreas  in  its 
mesentery,  had  become  intimately  adherent  to  the  site  of  oi)eration.  Flin'd  (  oubi 
be  passed  only  with  difTicully  through  the  cecum.  After  distention  with  li(|uor 
formaldehydi,  the  whole  area  was  removed  for  study.  When  the  specimens  were 
opened,  it   w;i^   found  that   the  aptiendix  had  perforated  and  there  was  a  closed 
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abscess  cavity  outside  the  base,  the  walls  of  which  were  formed  by  the  cecum, 
duodenum  and  pancreas.  The  cork  lay  just  beyond  the  site  of  the  diverticulum. 
The  lumen  of  the  appendix  was  not  dilated,  averaging  3  to  5  nun.  in  diameter. 
It  contained  some  cloudy  fluid  mixed  with  debris.  The  diverticulum  measured 
1  cm.  where  it  passed  through  the  nuiscularis,  and  it  projected  for  a  distance  of 
3  mm.  above  the  surrounding  serous  surface.  The  cecum,  where  the  wall  had 
been  inverted,  was  sharply  angulated  and  its  lumen  reduced  to  a  semilunar  slit. 
6  mm.  from  horn  to  horn  and  0.5  mm.  at  its  broadest  point.  There  was  fecal 
material,  however,  on  both  sides  of  this  narrowed  area. 

Microscopic  Examination. — Sections  of  the  diverticulum  revealed  a  , bulging 
of  submucosa,  muscularis  mucosae  and  mucosa  through  a  defect  in  the  mus- 
cularis.  None  of  the  muscularis  remained  over  the  denuded  sulimucosal  surface. 
Sections  made  through  the  point  of  perforation  of  the  appendix  and  the  abscess 
cavity  revealed  that  the  walls  of  the  latter  were  made  up  of  adherent  duodenum 
and  cecum,  l)Oth  of  which  were  relatively  normal,  except  that  the  serosal  sur- 
faces were  covered  with  a  necrotic  layer  where  they  b()rdered  the  abscess 
cavity,  and  there  was  a  portion  of  pancreas  which  presented  extensive  degenera- 
tive and  fibrotic  changes.  The  abscess  cavity  contained  many  mouDnuclear 
cells  and  a  few  leukocytes,  together  with  much  amorphous  debris. 

Experiment  4.  —  A  dog  wdiich  was  about  to  be  killed  was  selected  and 
anesthetised  with  ether.  /\  defect  4  mm.  square  was  made  in  the  appendix 
near  its  tip,  down  to  tlie  submucosa.  The  submucosa  and  mucosa  at  once 
protruded  from  2  to  3  mm.  through  the  defect,  and  at  the  same  time  the  strong 
muscular  contractions  which  involved  the  entire  organ  made  it  hard,  shorter 
and  of  smaller  diameter.  It  was  oliserved  for  some  minutes,  during  which  time 
the  muscular  contractions  were  relaxed  and  then  it  contracted  ducc  more.  Dur- 
ing the  period  of  relaxation,  the  diverticulum  seemed  to  become  somewhat 
flaccid,  although  its  total  projection  was  not  less. 

A  metal  syringe  was  now  passed  through  a  slit  in  the  cecum  up  into  the 
appendix  and  a  silk  ligature  tied  about  the  appendix  base  over  the  n..z/le.  in 
an  attempt  to  make  the  appendix  a  closed  cavity.  Water  was  then  injected.  .\t 
first,  the  lumen  of  the  appendix  filled  with  water,  which  jiassed  into  tlu- 
diverticulum,  and  it  stood  out  as  a  firm,  smooth  hemisphere  above  the  sur- 
rounding serosa.  As  more  and  more  water  was  injected,  the  diameter  lA  the 
appendix  continued  to  grow  greater,  and  as  it  did  so,  the  projection  of  the 
diverticulum  above  the  surrounding  serosa  grew  steadily  less,  until  there  was 
no  longer  any  projection  at  all,  although  the  muscular  defect  had  practically 
doubled  in  diameter.  With  all  the  force  which  could  be  exerted  through  the 
syringe,  an  attempt  was  made  to  burst  the  appendix,  but  this  did  not  occur, 
as  the  increased  tension  caused  tlie  ligature  tied  about  the  base  of  the  appendix 
to  cut  through  so  that  it  leaked  at  this  point.  The  attempt  was  repeated 
several  times,  with  the  same  result.     The  dog  was  then  kdled. 

Experiment  5.— A  dog  was  killed  with  chloroform,  and  the  peritoneal  cavity 
was  opened  and  left  exposed  to  the  air.  From  time  to  time,  bits  ..f  serosa  and 
muscularis  were  excised  from  the  wall  of  both  the  large  and  the  small  mtestme. 
Each  time,  there  was  the  usual  muscular  contraction,  resulting  in  the  narrow- 
ing and  shortening  of  the  segment  injured  and  a  protusion  of  the  subnuicosa 
and  mucosa  through  the  defect.  As  time  passed,  the  force  of  the  muscular 
contraction  grew  more  feeble  until,  about  four  hours  after  the  deith  of  the 
animal,  there  was  no  longer  any  response  to  the  injury.  The  extent  of  the 
protrusion   through  the  gap  was   variable,  a.id   seemed  to  be   mfluenced  by  the 
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amount  of  the  contents  of  tlic  lunu-ii.  W'licn  a  loop  was  oniptitil  of  its  contents, 
however,  and  a  defect  then  made,  with  the  contraction  of  tlic  nuiscnlar  tissue 
there  was  a  protrnsion. 

When  there  was  no  Uini;ir  any  response  of  llic  nuiscnlar  tissue  to  injury, 
a  defect  was  ma<!e  tlirougli  the  nuiscnlaris  of  the  apiiciulix,  exposing  the  suh- 
mucosa  :  but  no  protrnsion  occurred  tlirougli  it.  It  was  possiiile,  hy  manipula- 
tion, to  force  some  of  the  loose  flaccid  mucosa  and  sulnnucosa  through  the  gap, 
and  when  manipulation  ceased,  a  fold  remained  projecting  very  slightly  through 
the  gap.  When  this  procedure  was  repeated  in  the  intestine,  the  results  varied; 
if  the  loop  selectetl  was  not  empty,  a  ])rotrusion  followed  the  defect;  if  it  was 
empty,  no  protrusion  occurred. 

A  syringe  was  then  inserted  through  the  cecniu  into  the  appendix  and  tied 
into  place.  When  it  was  distended  through  this,  as  in  I'.xperiment  4,  tlie  first 
result  was  the  protrusion  of  the  llaccid  nuico^a  and  ^nllnuK■(),sa,  foniiing  a 
smo<Uhly  rounded  hemisphere  above  the  surrounding  serosa.  \\  ith  the  tension 
increase*!,  the  sequence  of  events  was  exactly  the  same  as  in  I'xperiment  4. 
The  diameter  and  length  of  the  appendix  slowly  increased,  while  the  projection 
of  the  diverticulum  grew  steadily  less,  until  it  ceased  entirely.  Attempts  to 
hurst  it  succeeded  only  in  causing  leaks  where  the  ligature  was  tied  about  the 
hase  of  the  appendix. 

Expcriincul  6. — C.  D..  aged  ii,  married.  .American,  a  housewife,  during  the 
previous  four  months  had  had  three  attacks  of  acute,  cramplike  pain,  starting  in 
the  epigastrium,  and  radiating  to  the  lower  quadrant  and  around  both  sides  to  the 
back,  with  vomiting.  .\  bowel  movement  gave  relief.  The  attacks  lasted  about 
one  day,  and  tenderness  persisted  in  the  right  lateral  quadrant  after  attacks. 
On  examinatif>n,  there  was  tenderness  in  the  right  lower  quadrant  and  right 
fornix.  The  white  blood  cells  numbered  1(),6()0;  polymoriihonuclears,  70  per 
cent.  The  temperature  was  98.8  F.  .\ug.  25,  1922,  three  days  after  admission 
appendectomy  was  performed  by  Dr.  Freeman,  jr.,  supervisid  li\  Dr.  \V.  V>. 
Parsons.  The  appendix  was  retrocecal  and  twisted  on  itseit.  The  iinixiinal 
two  thirds  was  covered  by  a  vascular  v(  il. 

This  ai)pendix  was  taken  immediately  after  removal  and  laid  on  a  cork  mat 
beside  a  millimeter  scale.  A  defect  6  by  6  mm.  was  made  through  the  mus- 
cularis  of  the  antimesenteric  border  near  the  tip.  When  fust  laid  out,  the 
length  of  the  appendix  was  7.2  cin.  and  the  average  diameter  6.5  mm.  .\t  tlie 
end  of  fifteen  minutes,  it  measured  in  length  6  cm.  and  in  diameter  7.5  mm.  At 
the  end  of  one  hour,  it  measured  in  length  5.5  cm.  and  in  diameter  7.5  mm. 
During  the  first  few  minutes,  the  submucosa  and  mucosa  pouted  tlirmigli  the 
muscular  defect  until  they  projected  1  mm.  beyond  the  serosa.  They  reniaiin  fi 
in  this  position  without  change  during  the  rest  of  the  hour  of  observation. 

The  apjicnflix  was  then  distended  with  flnifl  through  the  cut  end.  It  jtassed 
freely  to  the  tij)  and.  with  the  inflow  of  flnifl,  the  appendix  increased  in  length 
up  to  7  cm.,  and  the  jirojection  of  submucf)sa  antl  mucosa  througli  tlie  di  feet 
returned  within  the  muscular  wall,  sr)  that  the  fliverticulum  was  ironed  out 
and  disappeared. 

The  appendix  was  then  fixed  in  lir|uor  formaldebyrli.  On  longitudinal  section, 
the  muscularis  was  found  to  vary  from  0.4  to  0.9  mm.  in  thickness.  Microscopic 
sections  revealed  some  scarring  of  the  inner  muscular  coat  and  roniicl  <  rH 
infiltration  of  all  the  coats. 

The  patient  made  a  goofl  recovery,  and  the  apixiidix  was  believed  to  have 
been  the  seat  of  the  frriulde. 
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NON-SPECIFIC  GRANULOMATA  OF  THE  INTESTINE. 


By  Ku  Mosciicowitz,  A.li..  M.l)., 

PATHOLOGIST    TO    BETH    ISIiAEL    HOSPIT.\L;    ADJUNCT    VISITIXG    PHYaiCIAN,    .MT.    .SI.NAI 

HOSPITAL, 

AXD 

A.  O.  WiLENSKY,  M.D., 

.A.DJUNCT    VISITING   SURGEON    TO    MT.    SINAI    HOSPITAL,    NEW    YOllK. 

(From  the  Pathological  Laboratory,  Beth  Israel  Hospital  and  the  Laboratories  of 
Surgery,  Columbia  University,  New  York  City.) 


OuK  purpose  in  this  paper  is  to  describe  the  pathological  and 
some  of  the  cHnical  features  of  a  malady  which,  we  ha^•e  reason 
to  believe  is  not  uncommon,  and  yet,  as  far  as  we  are  aware,  is 
not  widely  known  in  this  country.  Its  recognition  thus  far  seems 
to  have  been  confined  to  European  observers.  Its  literature, 
strangely  enough,  covers  but  little  more  than  the  past  decade,  is 
almost  entirely  casuistic  and  concerned  more  with  the  clinical 
phases  rather  than  the  pathological.  Even  before  thi.s  period 
descriptions  of  this  lesion  are  b\'  no  means  uncommon,  but  under 
the  designation  of  "hyperplastic  tuberculosis  of  the  intestine"  or 
syphilis.  With  a  more  rigid  histological  critique  we  believe  this 
lesion  can  be  partitioned  from  the  large  group  of  specific  intestinal 
granulomata.  Its  interest  is  not  entirely  morphological.  It  is  im- 
portant clinically  and  is  a  malady  which  both  the  clinician  and 
surgeon  must  consider  in  dealing  with  obscure  tumors  of  the  abdo- 
men.    The  cause,  with  exceptional  instances,  is  thus  far  unknown. 

Case  Reports.     Case  I.— J.  K.,  male,  aged  twenty-three  years. 

Fiunlhi  History.  Father  died  of  pneumonia;  two  sisters  and 
one  brother  living  and  have  always  been  well. 

Previous-  History.  The  patient  had  measles,  whooping  cough, 
scarlet  fever  and  pneumonia  as  a  child.     Xo  rheumatism. 

Present  History.  In  December,  1917,  the  patient  was  first  seen 
by  one  of  us.     lie  had  a  tlianhea  averaging  seven  to  eight  move- 

*•  *  Read  before  the  Americuu  Association  of  Pathologists  and  liactoriologists  at 
Washington,  May,  1022. 
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iiu'iits  a  <l;iy  tor  llu-  i)ast  yvuv.  Tlie  stools  were  soft  aiiil  oeeasiou- 
ally  tiiigetl  with  Mood;  no  tramps.  He  was  a  thin  (112  pounds), 
pale  soinew  iiat  aneinii-  i)oy.  There  was  a  short  presystolie  mnnnur 
at  tiie  apex.  The  ahdoinen  was  lax,  ilat;  no  tenilerness  or  mass, 
liider  diet,  ete.,  treatment  and  salol  lie  improved  so  that  he  had 
hut  two  or  three  fairly  well  formed  movements  a  day.  There 
was  stea<ly  irain  in  wei.u;ht  (111)  jMninds).  In  ]\Iay,  IDIS,  he  was 
ojM'ratetl  upon  for  a  typieal  attaek  of  aeute  suppurative  ai)i)endieitis 
from  whieh  he  made  a  perfeet  reeovery.  In  November,  1918,  he 
had  pain  in  the  right  iliae  fossa.  The  bowels  moved  three  or  four 
times  daily.  A  mass  was  found  in  the  right  iliac  fossa,  the  size 
of  a  peaeh,  firm,  eireumseribed  and  moderately  tender.  There 
was  no  fever.  \Veight  has  come  down  to  112  pounds.  The  con- 
dition remained  practically  stationary  until  February,  18,  1911), 
w hen  he  was  operated  upon  by  Dr.  Wilensky.  The  cecum  was  found 
to  be  the  seat  of  a  hartl  firm  mass.  A  resection  ^vas  done  with  an 
end-to-sitle  anastomosis.  A  fecal  fistula  persisted  and  remained 
open  all  summer.  Bowels  continued  to  move  three  or  four  times 
daily.  In  October,  1919,  he  was  again  operated  upon  by  Dr.  Wilensky. 
The  fistula  was  closed.  For  the  next  year  the  bowels  moved  two 
or  three  times  daily.  Occasionally  he  would  get  attacks  of  diarrhea 
with  more  frequent  movements,  but  without  cramps.  Such 
attacks  usually  lasted  all  night.  In  December,  1920,  he  suffered 
from  an  attack  of  acute  intestinal  obstruction.  Resection  of  about 
a  foot  of  ileum;  the  l)oy  made  a  good  recovery.  The  blood  Wasser- 
mann  was  negative. 

After  this  operation  the  patient  felt  well.  His  bowels  moved 
two  or  three  times  daily,  once  or  twice  in  the  morning  and  once 
or  twice  after  supper.  There  are  no  cramps  with  these  movements. 
In  January,  1922,  he  had  an  attack  of  six  hours  duration  of  abdo- 
minal pain,  generalized  and  severe,  with  complete  obstruction  of 
the  bowels.  No  vomiting,  some  fever.  General  impression,  acute 
intestinal  obstruction.  Immediate  laparotomy;  large  exudate  of 
yellowish  |)urulent  material  gathered  for  greater  part  on  right  side 
and  under  cover  of  great  omentum  and  transverse  colon;  bowels 
distended;  bowel  well  injected  but  not  thickened  and  covered 
with  fibrin  in  places.  No  local  lesion  w'as  discovered  to  account 
for  the  peritonitis.  Drainage  was  provided  and  the  abdominal 
wall  close<i.  A  culture  of  the  i)us  showed  no  j)neumococci.  Tiie 
boy  ma<le  an  uneventful  recovery. 

Mucro.fcujiicdl  DcKcriylion.  ('olonic  Specimen  (Fig.  1).  Thesj)eci- 
meti  consi.sts  of  a  piece  of  large  gut  14  cm.  long;  the  lumen  of  the 
middle  half  for  a  distanc<;of  9  cm.  is  extremely  constricted  so  that  it 
is  impossible  f(^r  even  the  small  finger  to  pass  through.  On  opening 
the  gut  this  constriction  is  found  to  Ix;  due  to  an  extensi\x>  infil- 
trating swelling  which  begins  hnijcrceptibly  at  the  proximal  portion 
of  the  intestine  so  that  the  upper  entrance  to  the  structure  is  funnel 
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shaped.  The  swelling  becomes  gradually  thicker  as  one  proceeds 
downward  where  it  ends  almost  abruptly  by  a  much  thickened 
smooth  and  rounded  ridge.  The  mucosa  at  each  end  appears 
perfectly  normal;  as  it  api)roaclicd  the  thickening  the  folds  become 
larger  and  smoother;  on  the  sunnnit  the  mucosa  is  almost  per- 
fectly smooth.  The  gut  surrounding  the  strictured  portion  is 
tremendously  thickened.  On  section  through  this  portion  the 
thickening  involves  all  the  layers:  the  mucosa,  musculature  and 
the  mesenteric  fat.  The  thickening  is  dense,  hard  and  white. 
The  external  surface  is  comparatively  smooth  where  it  has  been 
peeled  away  from  the  surrounding  connective  tissue.  There  are 
a  few  hemorrhages  into  the  fatty  layer. 


Fig.  1. — Ascondiiig  colon,  Case  I,  showing  tumor  fon.stricting  gut. 


Microscopical  Examination.  The  mucosa  shows  a  classical 
membranous  inflammation.  The  superficial  mucosa  is  congested 
and  covered  by  a  layer  of  varying  thickness  of  fresh  fibrin  which 
springs  from  numerous  crypts  in  the  mucosa.  In  extensive  areas 
the  mucosa  has  been  destroyed  re^'ealing  ulcers  covered  by  fresh 
fibrin  beneath  which  the  submucosal  lymphatic  tissue  has  been 
converted  into  frank  granulation  tissue.  With  the  low  jwwer 
the  entire  thickness  of  the  gut  ai)pcars  densely  infiltrated.  The 
cells  are  either  heai)cd  together  in  circumscribed  clinnps  resembling 
the  normal  lymphoid  structures  of  the  intestine  or  scattered  in 
lesser  or  greater  densities  throughout  all  the  tissues.  The  clumi)s 
as  well  as  the  scattered  infiltrations  lie  within  the  muscular  /ones 
causing  extensive  deformity  of  the  nniscle  bundles.  They  are 
abundant  in  the  fatty  and  connective  tissues  e.xternal  to  the  muscular 
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t'<»at  as  wi'll.  With  tlir  liiulu-r  powrr  tlir  inliltratin«i'  colls  aiv  those 
of  tlu*  roiiiul-  i>r  i)lasnia-roll  type  hi  tho  luoiv  suiH'rfii'ial  tissues 
polyiiiorphomu-loar  loiikocN  tos  iwc  ahiiiulaiit,  due  to  the  ('ontii:;uous 
ai-ute  inouihranous  inflaiuinatiou.  hut  in  tlu>  dooiuT  tissues  tiiese 
are  })raetieally  al)sent.  A  noteworthy  hiulinj;"  is  the  jjivsenee  of 
ahutulaut  iiiant  cells.  These  are  usually  present  within  the  solid 
Iynii)hoitl  ^land-like  ehnni)s  of  round  cells  described  above.  In 
some  sections  they  are  more  abundant  than  in  others  and  they  are 
l)re>ent  in  the  decptM-  portion  of  the  specimen  as  well  as  in  the 
>u|)erlicial.  'riu-.uiant  cells  are  usually  very  larj^e,  oval  or  irrejrular  in 
shape  and  cunuctted  with  tiieir  innnediateenviroinucnt  by  numerous 
"l)S(>udo|)odia."  The  iriant  cells  contain  numerous  nuclei  irre;,ni- 
larly  distributed.  A  latlicr  stran>i;e  finding  is  the  i)resence  of 
<:iant  cells  in  what  seems  an  a])i)arently  nornnd  lym])h  follicle  in 
a  portion  of  contiguous  colon  that  is  otherwise  entirely  normal. 

The  vessels  asicle  from  containing  abundant  polymorphonuclear 
leukocytes  in  the  sui)erfieial  ]iortions,  show  no  change.  Sections 
stained  for  tubercle  bacilli  and  by  T^evaditi  are  negative. 


of  I  lie  .^iiiall  iiilc.itiric,  Cum;  I,  .sliowiii^  uliiiost  oljlilcr.il  i'>n 
llic  liiiiicii  l).v  i]u'  uniriulorriatous  tissue. 


Mii<r<:.s(i>i)ic(il  .\j)/)((ir(incr  (if  Hcsrclcil  Small  Intestine.  (Fig.  2) 
Specimen  c(»nsists  of  a  jjortion  of  sinall  intestine  about  <S  inches 
long;  with  tlie  exceplioii  of  a  small  portion  at  each  end,  the  gut  is 
extremely  thickened  and  enlarged.  Tlif  |)eritoneal  surface  is 
much  congesti'd  and  i^  covered  with  frc.^li  fibrin,  ('ross-.section 
shows  an  immense  thickening  of  all  t Im'  coats  of  t  he  gut  so  that  t  he 
lumen  is  merely  a  bare  slit.  Tlic  infiltration  in\()l\'es  the  adjacent 
meM-nter.N'  which  averages  I  'm.  in  t  liickncss;  t  Ik;  villi  are  nnich 
thickened   and   in   <'onsc(jUciice  a|i|)i;ir  niiicji   wider  and   rounded 
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than  nonual.  The  iiuicosa  is  deeply  conjiested  and  the  hnnen 
contains  a  moderate  quantity  of  fresh  filn-in  wliieh  covers  the  surface 
of  the  mucosa.  Removal  of  the  fibrin  reveals  numerous  superficial 
flat  ulcerations.  The  transition  of  the  thickened  portion  of  intestine 
into  the  normal  is  gradual. 

Microscopical  K.va  mi  nation.  The  microscopical  appearance  is 
practically  identical  with  that  of  the  preceding  with  one  important 
and  notable  exception,  namely,  the  presence  of  a  far  greater  number 
of  giant  cells,  the  majority  of  which  contain  a  peculiar  foreign 
body.  The  giant  cells  are  so  abundant  that  on  the  average  three 
or  four  are  in  every  low  power  field.     Many  are  still  within  the 


Fig.  .3.— Hish  power  of  a  Riant  cell,  showing  foroidii  body. 

{•lumi)s  of  lyinphoid-like  tissues,  but  they  now  show  an  extremely 
irregular  distril)ution.  They  lie  imbedded  within  the  nniscular 
fibers  surrounded  with  a  sparse  collection  of  round  cells.  Manx- 
are  even  in  the  subperitoneal  connective  tissue  coat  or  in  the 
mesenteric  attachment.  The  giant  cells  (Fig.  'A)  are  extremely 
irregular  in  size,  usually  round  or  oval  in  contour  and  have  a  scal- 
loped border  from  which  mnnerous  i)seiidoi)odia  coiuicct  it  with  the 
surrounding  round  cells.  The  miclei  are  abundant  and  stain 
dee])ly.  The  nature  of  the  containing  foreign  body  cannot  be 
distinctly  made  out,  because  morj^hologically  the  thing,  even  under 
oil  immersion,  has  no  definite  structure  or  outline.  As  a  rule  it  is 
round,   sometimes    oval,   sometimes    biscuit-shaped.     It   api)ears 
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hiirlily  rofriu'tilr  ;iiul  stains  oitlicr  not  at  all  or  palo  with  lioina- 
toxyion.  Soinctiinrs  it  appoafs  coarsely  lainellatod;  at  others  it 
consists  of  irrognlarly  sl^apctl  rcfractilo  masses;  soinetiines  a 
ijiant  cell,  may  ent'li>se  a  simi)le  faintly  staininj];  striated  curved 
roil.  In  one  i>r  two  tiio  foreif^n  body  api)ears  to  have  Ji  radial 
arrangement.  Whatever  the  masses  may  prove  to  he  there  is  no 
(piestion  hut  that  their  striictiu'e  is  so  dense  as  to  have  been  injured 
\)\  the  microtome,  because  in  the  vast  majority  these  foreign  bodies 
a])parently  have  been  disrupted.  It  is  for  this  reason  that  tlu\v 
lack  definite  striictiu'e.  Sections  stained  for  tubercle  bacilli  and 
b\-  Levaditi  are  negative. 

SiuniiKiri/.  A  man,  ajjed  twenty-three  years,  sull'ered  from  a 
diarrhea  of  a  year's  standing;  which  responds  to  treatment.  He 
is  operated  upon  for  an  acute  su])pin'ative  ai)i)en(licitis.  Six 
months  later  a  mass  in  the  right  iliac  fossa  appears  which  is  resected 
and  ])roves  to  be  a  gramiloma.  He  remains  practically  well  for 
two  years  when  an  attack  of  acute  intestinal  obstruction  occtirs. 
At  operation  about  a  foot  of  ileum  is  resected.  The  gut  is  almost 
completely  obstructed  by  a  granulomatous  growth  extending 
throughout  the  length  of  the  gut.  Microsco])ically  this  growth 
is  characterized  by  the  presence  of  niunerous  giant  cells  surround- 
ing foreign  bodies  of  tndoiown  nature.  A  year  lat(>r  an  acute  sup- 
piirati\e  i)crit(»iiitis  occurs  the  origin  of  which  could  not  be  deter- 
mined at  oi)ciati(iii.  The  i)atient  at  present  suffers  from  a  mild 
diarrhea,  but  is  otherwise  well.  Kvery  clinical  and  microscopical 
evidence  of  tid)crculosis  or  syphilis  is  lacking. 

(a.sk  11.  lObtaiiicd  through  the  kindness  of  Dr.  Seward  I^rd- 
man.)  — J-  K-.  Kussian,  aged  thirty-three  j'ears,  operated  upon  at 
New  York  IIosj)ital  by  Dr.  Krdman  in  A])ril,  1920,  when  he  per- 
formed a  resection  of  the  cecinn  and  ascending  colon  with  lateral 
ileo-colic  anastomosis.  Kiglit  days  previous  to  admission  he  had 
suffered  from  ])ain  in  th<'  right  lower  qtiadrant  with  vomiting  and 
constii)ation.  lie  denied  lia\ing  had  any  such  symptoms  pre- 
viously. His  a])i)en(li\  has  been  removed  in  the  course  of  an 
o|)eration  for  right  inguinal  hernia  in  October,  1917,  at  the  New 
"^'ork  Hospital,  at  which  time  the  oi)erator  (Dr.  \'ietor)  remarked 
that  the  appendix  was  deli\-ered  into  the  wound  with  some  difficulty 
and  with  some  trauma  t(»  t  lie  (((inn.  The  a])j)cndix  did  not  ajjpear 
to  be  diseased  and  it  certainly  was  not  indurated  enough  to  inter- 
fen*  with  the  usual  tcchnic  of  invagination  of  the  stumj).  In 
Aj)ril.  19L'I,  Dr.  I'.rdnian  e\aniinc(|  the  patient  and  no  masses  in 
the  abdomen  were  pal|(ab|c.  The  patient  said  he  felt  ])erfcclly 
well,  had  gained  L'()  p(iiiii(|>  and  \\;is  not  sud'ering  from  any  gastric 
or  int<-stinal  symptoms. 

MdrniKCDjilcdl  DcKcriplioii.  (I*'ig.  '\.}  SpcciTnc  ii  consists  of  a 
])(jrtioii    of   larg*,'   intestine   8.5    inches   long.     The   ojjened    bowel 
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reveals  a  raised  tuiiior-Ilke  projection  extending  lonjijitudinally  at 
about  its  middle  portion.  The  mass  is  situated  on  the  posterior 
aspect,  and  measures  2  inciies  in  the  vertical  diameter  and  1..") 
inches  transversely  at  its  widest  portion  and  is  three-quarters  of 
an  inch  thick  at  its  hio;hest  elevation.  The  mass  is  ejjg-shaped. 
The  lower  margin  is  thickened,  curved  with  its  convexity  down- 
ward and  overhanging.  From  here  the  mass  narrows  slowly  as 
it  courses  upward  and  merges  imperceptibly  into  the  mucosa. 
Laterally  the  tumor  overhangs  the  adjacent  mucosa  at  its  lower 
portion;  above  it  merges  gradually  into  the  surface  of  the  bowel. 


Fig.  4. — Ascending  colon  from  Case  II,  .showiiiK  stricture  of  tlic  liimon  by 
the  gninulonuitous  infiltration. 

At  about  its  middle,  there  is  a  flat  ulceration  with  a  sHghtly 
roughened  base,  somewhat  circular  and  measuring  about  2  cm. 
in  diameter.  The  surface  otherwise  is  uneven,  but  the  usual 
Kerckring  folds  are  absent.  Section  through  the  mass  shows  a 
dense  infiltration  of  all  the  coats  of  the  intestine  for  a  considerable 
distance  beyond  the  confines  of  the  mass. 

Microscopical  Examination.  (Fig.  5.)  Incidentally  this  section 
is  representative  of  all  the  cases  we  present.  The  niucosa  ai)pears 
everywhere  intact  except  at  the  site  of  the  ulceration.  Mori)ho- 
logically  no  abnormality  is  visible.     The  remaining  coats  of  the 
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j:iit  iirr  (Iciiscly  iiililtialcd  with  cells  liiostix  ol'  llic  rcuiiul  iiiid 
pJjiMiia  tvpc.  'riifsc  ((lis  ;ii('  Jiciiix-d  t (>;;('( I ht  in  (Iciise  hut  not 
>li;irply  circiiiiisciilutl  ;ii(';i>  so  tliiit  cncii  i;r(»ssl\  the  fill  section 
appears  as  tlionrh  stutMcd  with  tulu'rcios.  Hnt  (Ikm'o  is  a  very 
irrcat  dill  use  inlilti-ation  in  all  tlu>  tissues  osj)i'i-ially  in  tlio  inusciilar 
layers  so  that  the  niusck'  hinidles  are  separated,  disor<i;anized  and 
detorined.  'I'he  siilnniieosa  and  subperitoneal  connective  tissue 
CDats  are  uiiicli  thickened  due  to  an  ol»\ious  fibroblastic  trans- 
formation. 'Jhese  layers  ha\e  all  the  appearance  of  younu;  fibrous 
tissue.  The  l\iui)h(»id  structures  are  intact  and  reveal  nothini!,' 
abfionnal.     The  b|ood\-esscls  arc  innnerous  and  show  soin(>  thick- 


X^' 
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Fio.  .5.  — Hinh-powcr  section  of  colon,  Case  II,  showinK  n;ituro  of  tlio  Kniiiulonialoiis 

infiltration. 


eninj;  of  the  media.  Xo  <,nant  cells  are  at  all  visible.  In  one 
section  taken  from  the  ulcerated  area  there  is  a  circumscribed  and 
api)arently  extensive  infiltration  with  polymorphonuclear  cells  in 
th«'  submucosa  forming  a  small  al).scess.  Lymph  nodes  removed 
from  the  mesentery  are  fairly  lar^'e  and  are  normal.  Sections 
staine<l  for  tubercle  bacilli  and  S|)irocheta  j)allida  are  ncf^^ativc. 

SiiiiiiiKiry.  A  man,  a^^cd  tliirt \-tl)rce  years,  is  operated  uj^on 
for  an  in^'uinal  hernia  at  which  time  an  appendectomy  is  per- 
formed. 'iVo  and  a  half  years  later  acute  symptoms  resem})liii^' 
those  of  an  attack  of  appendicitis  arise.  A  lar^e  mass  in  the  ascend- 
ing: colon   i->  found  which  proves  on  microscopical  examination  to 
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he  a  siniplo  elintiiic  p-aiiuloiiiii.     The  patient   iij^  t(»  last   reports 
is  entirely  welh 

Cahk  III.— L.  J).,  tool  maker.  Pre-shyterian  Hospital  (427.%) 
(Path.  No.  2(3199),  admitted  July  2:^,,  1919.  Five  days  previously 
had  abdominal  pain  and  vomiting.  Appendectomy  with  drainage 
by  Dr.  Langworthy.  Toward  the  end  of  convalescence  the  patient 
complained  of  pain  in  right  upi)er  quadrant  and  back.  This  per- 
sisted and  is  getting  worse.     Fever  of  101°  F.  since  onset. 

Physical  Examination.  There  is  dulness  in  right  upper  quadrant 
extending  to  midline.  Tenderness  in  this  region  extends  l)ack  to 
spine.  Recent  healed  appendectomy  scar  is  visible.  Stool 
and  Wassermann  were  negative  as  well  as  the  urine.     No  fever. 

Readmission.  April  24,  1921.  Three  weeks'  complaint  of 
general  malaise,  chilly  sensation,  pains  in  left  lumbar  region.  The 
patient  was  told  he  had  "nephritis;"  later  the  physician  diagnosed 
abscess  around  left  kidney.     Bowels  were  costive. 

Physical  Examination.  In  the  left  flank  a  mass  is  felt  on  bi- 
manual examination,  tender,  smooth,  firm,  which  can  be  i)ushed 
forward  and  backward.     No  fever. 

Diagnosis.  Perinephritic  abscess.  Roentgen-ray  shows  a  sliglitly 
enlarged  left  kidne}^  but  no  tumor  of  colon. 

Operation.  May  14,  1921,  Dr.  Auchincloss.  Colectomy  for  mass 
just  below  splenic  flexure. 

Macroscopical  Description.  (Fig.  6.)  The  specimen  is  a  seg- 
ment of  larger  intestine,  21  cm.  long.  It  is  curved,  forming  the 
letter  C  about  a  central  mass  of  tissue  to  which  it  is  densely  adherent. 
This  mass  is  composed  of  a  roUed-up  bunch  of  fat,  the  center  of 
which  is  filled  with  innumerable  whitish  or  reddish-yellow  amorphous 
masses  which  suggest  caseation  but  are  not  so  soft.  The  colon 
is  contracted,  thick  walled  and  contains  fecal  material.  On  section 
the  colon  appears  normal,  except  in  the  distal  edge  of  one  segment 
of  the  gut  where  the  tumor  has  encroached  to  the  very  edge  of 
the  nuicosa  but  apparently  has  not  broken  through.  The  tumor 
at  this  point  has  been  nuich  narrowed. 

Microscopical  Examinatiun.  Sections  of  the  mesenteric  mass 
shows  a  fibroblastic  tissue  containing  many  capillaries  and  densely 
infiltrated  with  round  and  plasnni  cells  and  leukocytes.  The 
round  cells  ])redominate.  In  some  places  the  cells  are  closely 
massed  together  which  probably  accounted  for  the  yellow  n)asses 
described  in  the  gross.  There  is  little  actual  necrosis  of  tissue. 
Section  of  one  of  the  lymph  glands  on  the  outside  of  the  ma.ss  shows 
a  wide  dilatation  of  the  lymph  sinuses  with  retieuhun  in  wliieli  a 
few  mononuclear  cells  are  caught,  (iram  stain  is  negative.  Section 
of  the  wall  of  the  larger  intestine  shows  a  thin  but  intaet  mucosa 
M'ith  normal  appearing  glands  and  a  slightly  edennitous  stronni 
infiltrated  with  a  few  leukocytes  and  plasma  cells.     The  muscular 
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foat  is  rdi'inatous  aii«l  (loiisclx  iiililtiMicd  in  iii.iny  i)lac(>s  with 
roimili'«'lls.  'I'lu' sill  )i  111  icosa  iscoiisi(lcial>l\  I  lii(k('iu"(l,(|iii(o  xascular 
and  iiiHItrati'd  with  iiiaiiy  ixtlyiiiorphoiiiiclcai-  IciiUocytt's  and  a 
frw  roniul  i-olls.     Serosa  ((tM'ivd  with  thin  layer  of  fihriii. 

Dkkihiisi.-!.  Clinmic  i-olitis,  chronic  mesenteric  Iyiiii)liadeiiitis. 
A  Mood  Wasseniiann  taken  alter  disciiaruc  was  nefjatiw.  A 
fistula  resulted  which  was  closed  l)y  Dr.  Auchincloss.  The  paticMit 
rei)»»rted  in  .\o\ ciiihcr.   I'.L'l.  as  heiuii  pcrt'eetly  well. 


Fig.  G. — Splcnio  flexuii',  Case  III,  sliowiiin  jiramiloiiiji  of  the  rneseritery  infiltratinK 

intestinal  wall. 

Shiiuikiiii.  X  man,  aucd  fort \ -four  years,  is  (>j>eruted  uj)on  for 
an  acute  siipi)iirative  ap|)cndicitis.  Ai)|)cndcct<miy  is  j)erforine(l. 
After  the  ojieration  syinptonis  and  si^nis  sii<,'^esti\'e  of  an  inflani- 
mation  in  the  rij^lit  side  of  the  ahdoinen  appear  which  slowly  sub- 
side. Xearl\'  two  years  later  he  presents  hiuiself  with  a  mass  in 
the  left  kidney  rej^ion  which  proxcs  upon  operation  to  be  a  graiiu- 
loTiiatous  mass  in  the  sj)lciiic  flexure  of  the  colon,  the  main  bulk 
beinj^'  in  the  mesentery  biit  in\(»l\iii^'  the  walls  of  the  f^iit  and 
aj)parently  not  breaking  inio  the  unicosa.  Miscroscojiical  ex- 
amination reveals  no  evidences  of  tuberculosis,  syi)hilis  or  lympho- 
granulotnatosis.     'i'he  patient  up  to  last  rc|)orts  remains  well. 

Cask  I\'.  L.  ().,  a^ed  fort\-four  years,  a<lniitted  to  Presbyterian 
Hospital,  December  2(1.  I!MS.  (Presbyterian  Hospital  lO.'iOo 
P;itli.   P.d).   'I'l'I')^').)     Three  weeks  a;^'()  she  was  seized  wit  h  abdoni- 
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inal  pains,  cramp-Iikt';  Noiiiitcd  at  onset.  TIktc  was  swelling 
of  the  alxlonieii,  most  marked  in  ri«;'lit  upper  (|na(lrant,  which  went 
down  considerably  after  a  copious  urination.  Has  had  no  severe 
pain  since  onset. 

Physical  Examination.  In  the  right  upper  (piadrant  of  the 
abdomen  is  a  tender  mass,  extending  to  the  upi)er  epigastric  region. 
It  is  round,  smooth,  somewhat  movable  and  seems  to  descend  on 
inspiration.  This  mass  seems  to  be  the  lower  jwle  of  the  kidney. 
Otherwise  examination  is  negative.  Wassermann  is  negative. 
Feces  show  no  blood.  Roentgen-ray  shows  a  filling  defect  in  the 
ascending  colon  just  below  the  hepatic  flexure. 

Operation.  January  18, 1919,  Dr.  Whipple.  Colectomy  and  ileo- 
colostomy.  Macroscopical  Description.  The  specimen  consists  of 
a  cecum,  appendix  and  a  short  portion  of  the  ileum  and  ascending 
colon.  The  serosa  of  the  cecum  is  smooth,  the  vessels  are  slightly 
dilated.  There  is  a  firm  irregular  nodular  mass  on  the  lateral  aspect 
of  the  ascending  colon,  1.)  em.  from  the  fundus  of  the  cecum.  The 
appendix  is  small,  3  by  0.3  cm.  The  lumen  is  obliterated.  The 
cecum  on  section  contains  feces.  The  walls  appear  normal  in  thick- 
ness. The  wall  of  the  ascending  colon  is  moderately  thickened  and 
the  site  of  the  dense  mass  described  above.  At  one  point  there  is 
a  small  nodule  1  by  3  cm.  projecting  into  the  lumen  of  the  gut. 
Section  through  the  larger  mass  shows  a  relatively  dense  tissue 
having  a  mottled  yellow  and  white  ap])earance.  The  gut  wall  is 
thickened  at  this  point  and  the  mass  is  adherent  to  it.  Section 
through  the  small  mass  projecting  into  the  lumen  shows  it  to  be 
closely  connected  wdth  the  main  tumor  mass  at  a  point  in  which 
the  yellow  substance  described  above  is  found  in  small  areas  in 
the  gut  wall  extending  as  far  as  the  mucosa. 

Microscopical  Description.  All  the  coats  of  the  intestine  are 
densely  infiltrated  by  a  fibroblastic  process  which  varies  from  a 
cellular  and  apparently  fresh  granulonnitous  tissue,  with  many 
newly-formed  blood  spaces  to  a  comparatively  dense  fibrous 
structure.  This  new  tissue  is  especially  j)r()minent  in  the  sub- 
mucosa  and  infiltrates  the  muscle  to  such  an  extent  as  to  cause 
extensive  separation  and  distortion  of  the  bundles.  The  i)re- 
dominant  cells  are  of  the  round  type.  These  cells  are  heaped 
together  in  dense  masses  in  many  areas.  There  is  no  necrosis  and 
no  giant  cells  are  found.  The  appendix  shows  comj)lete  obliteration 
of  the  lumen  by  fibrous  tissue  and  extensive  fibrosis  of  the  muscular 
coats.  'The  serosa  is  thickened  and  infiltrated  with  round  and 
polymorphonuclear  cells. 

Diagnosis.     Chronic  colitis,  chronic  ai)pendicitis. 

Patient  recovered  and  was  discharged  February  8,  1919.  On 
July  17,  1919  she  reported  herself  well. 

Summary.  A  wonnin,  aged  forty-four  years,  is  seized  with 
sudden  cramp-like  pains  in  the  right  side  of  the  abdomen.     Fpon 
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a«liiii.s.si(»ii  three  weeks  hiti-r  ;i  l;ii\m'  iiuiss  is  noted  in  the  fiulil  iliac 
fossil  whieh  proxcs  npon  loent ucn-ra v  (lamination  tt)  in\(>l\c  the 
asinulini,'  colon.  At  operation,  the  mass  is  resecteiL  Mic-fo- 
scopieally  it  jiroM's  to  l)e  a  simpK-  uiaiuihtnia.  The  appendix 
reveals  chroiiii-  inflammation.  .\o  mici-oscopical  e\  idences  of 
tnl)ereiilosis.  sypiiilis  or  lymphotiraimloinatosis  are  not(>d.  I  p  to 
last  rj'ports  the  patient  remains  well. 

Aeeordiny  to  criteria  of  patholouy  these  4  eases  may  be  ehtssified 
as  *' graiuil(»mata  of  n(Mi-s])ecific  mor|)h()logy."  All  evidences  of 
tuberculosis,  syjihilis,  lymphourannlomatosis  (Ilodgkin's  disease) 
or  new  irrowth  are  lacking. 

Gross  Characteristics.  All  4  specimens  with  the  I'xceptions  of 
the  small  intestine  (Case  1)  resemble  one  another  closely.  There 
is  a  firm  dense  iincircum.scribed  tmnor  in\ oK  inii;  all  the  coats 
of  the  large  intestine  causing  .strictiu'e  of  the  lumen.  There  is 
ulceration  in  all  i)iit  1  (Case  III).  The  ulceration  is  comparativclx- 
superficial  and  does  not  penetrate  beneath  the  mucosa.  In  ."! 
cases  tlie  ascending  colon  is  involved,  in  the  fourth  the  splenic 
flexure.  The  second  spechnen  from  the  first  case  is  the  only  one 
in  which  the  small  intestine  is  involved.  It  also  involved  all  the 
coats  of  the  intestine  and  the  encroachment  into  the  mucosa  was 
so  great  as  to  cause  ahno.st  complete  obliteration  of  the  linnen. 
Involving,  as  it  does,  almost  a  complete  foot  of  the  small  intestine, 
the  lesion,  as  far  as  we  have  been  able  to  investigate,  is  unique. 
The  infiltration  was  most  prominent  on  the  mucosal  aspect  of  the 
intestine  in  3  cases.  In  the  fourth,  the  main  bulk  of  the  tumor 
projected  into  the  mesentery. 

Microscopical  Characteristics.  1'he  5  specimens,  again  with  the 
excei>tion  of  the  small  intestine,  reveal  a  tmiformity  in  microscopical 
morphology.  There  is  an  extensive  infiltration  of  all  the  coats 
with  cells  of  the  round- or  ])lasma-ccll  type.  It  is  hard  to  deter- 
mine in  which  layer  the  infiltration  is  greatest,  but  to  us  the  sub- 
mucous layer  seems  most  extensively  involved.  There  is  a  wide- 
spread fibrobla.stic  transformation  varying  from  a  comparatively 
richly  cclhdar  tissue  to  firm  dense  fibrous  scar.  The  lunnber  of 
polymorphonuclear  leukocytes  in  our  specimens  varies  consider- 
ably. In  those  with  ulceration  they  are  numerous  in  the  neigh- 
borhood of  the  ulcer.  In  the  second  case  they  are  congregated 
in  such  abundan<-c  in  the  subnnicosa  in  one  area  as  to  justify  tlu; 
term  abscess.  In  tht  remaining  portions  of  our  sfX'cimeh  these 
cells  are  only  sparst4y  scattered.  New  bloodvessel  formation  is 
j)rr»minent  in  all  sj)ecimens. 

Ciant  cells  are  ab.sent  in  all  cases  except  the  first.  In  both 
specimens  froTn  this  case  their  distribution  and  m()rpliology  is  so 
remarkable  as  to  Trierit  detailed  description.  In  the  first  s|)ecimen 
rem«Acd   fr(»iii   the  ascending  colon,   the  giant  cells  while  easily 
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found  are  not  csin-cially  nunicrous,  an<l  arc  <li.stril)utc(l  ('(jnalK 
throuuhoiit  all  coats  of  the  intestine.  They  are  lar^'e.  Iiaxc  irre^'- 
ular  (lentated  outlines  and  contain  numerous  nuclei  irre<!;iilarl\ 
distributed.  They  ha\e  none  of  the  characteristics  of  either  the 
giant  cells  of  the  Langhaiis  tyi)e  or  the  Reeil-Sternl)erg  type.  A 
careful  search  reveals  no  evidence  of  foreign  body  in  or  contiguous 
to  these  cells.  In  the  specimen  of  the  small  intestine  renmved 
from  this  patient,  the  giant  cells  are  extremely  numerous,  three  or 
four  being  present  in  almost  every  field.  While  morphologically 
they  resemble  the  giant  cells  found  in  the  colonic  sjjecimen,  in  these 
a  foreign  body  is  fonnd  within  the  majority  of  these  cells.  These 
foreign  bodies  have  a  varying  m()rj)h()l()gy,  usually  they  are  round, 
o\'al  or  biscuit  in  shape,  with  a  granular  or  highly  refractile  content 
and  a  dense  lamellated  capsule.  What  these  foreign  bodies  are 
we  have  not  been  able  to  determine.  They  do  not  even  att'ord  the 
possibility  of  a  guess. 

In  none  of  our  specimens  is  there  the  slightest  evidence  of  necrosis 
or  caseation. 

In  Cases  I  and  II,  sections  were  stained  for  tubercle  bacilli  and 
the  Spirocheta  i)allida  but  were  not  found.  Bacterial  stains  on 
Cases  III  and  I\'  were  not  made. 

Sections  of  the  mesenteric  lymphatic  glands  reveal  nothing 
noteworthy. 

Discussion,  It  is  a  remarkable  fact  that  non-specific  infiam- 
matory  tumors  of  the  intestine  were,  with  few  exceptions,  not  de- 
scribed until  1908.  Practically  the  entire  literature  upon  the 
subject  dates  from  the  publication  of  Braun^  in  that  year,  and 
it  is  his  report  that  has  stimulated  subsequent  studies.  It  is  true 
that  in  1898,  (Jraeser,  in  a  classical  i)aper,  called  attention  to 
inflannnatory  processes  in  the  sigmoid  flexure  arising  from  accpiircd 
diverticula,  but  such  lesions,  although  morphologically  similar 
to  those  in  which  we  are  interested,  do  not  enter  into  our  discussion. 
The  reason  of  this  curious  absence  of  connnent  is  the  fact,  as  we 
shall  discuss  more  fully  in  a  subsequent  i)art  of  this  i)ai)cr,  that  these 
cases  were  regarded  as  instances  of  "hyperplastic  tui)crcul(>sis  of 
the  intestine." 

Braun's  case  was  that  of  a  woman,  aged  fort>-thrcc  y(>ars,  who 
presented  a  tumor  on  the  left  side  of  the  abdomen  of  eight  weeks' 
duration.  The  bowels  were  irregular,  often  tinged  with  blood. 
Diagnosis,  carcinoma.  At  operation  a  mass  in  the  sigmoid  flexure 
was  found  which  involved  mostly  the  mesenteric  asjK'ct.  The 
mucosa  covering  the  growth  was  normal.  ]\Iicroscopicall.\  the 
tumor  consisted  of  a  poorly  cellular  comiective  tissue  infiltration 
of  the  meso-sigmoid  which  extended  partly  into  the  muscularis 
and  the  submucosa.  In  one  portion  there  was  a  broad  streak  of 
round  celled  infiltration  which  penetrated  to  the  mucosa. 

The  number  of  case  reports  since  Braun's  publication  has  been 
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larjjo  and  \far  l)y  vi-ar  sli(»\\s  a  i)r()i,MH'ssi\('  iiui-casc.  so  (hat  it  is 
>afc  to  sa\   the  iiialaily  is  not  at  all  a  rare  one. 

\\  r  ilo  not  |ti-o|)oM-  to  suliiiiit  a  (diii|)lc(i'  dim'st  of  all  the  litt-r- 
atmv  iHTtainiiii:  to  tlu'  siihjivt.  'I'liosc  iiitoivstod  may  ivlrr  to 
the  fairly  toiiipK'to  and  most  ivcviit  studios  of  Tirtzo-  and  Korti\' 
Wf  siiall  mnvly  content  ourselves  with  givinj^  a  sunnnar.x  of  the 
patliolojiy.  some  of  elinieal  aspects  and  the  etiology. 

rATiioi.ocY.  Kaeh  of  our  eases  exemplifies  in  one  way  or  another 
the  characteristics  common  to  this  lesion.  There  is  a  tmnor  of 
greater  or  lesser  size  which  numy  in\"ol\"e  any  i)ortion  of  the  colon. 
Kven  in  the  sigmoid  many  such  lesions  are  described  without  in 
anyway  heing  associated  with  a  diverticulitis.  The  inHammatory 
process  usually  involves  all  the  coats  of  the  intestine.  Sometimes 
the  i)roliferation  is  most  i)rominent  in  the  inner  coats  forming  smaller 
or  larger  tumors  which  narrow  the  lumen  of  the  gut.  Less  fre- 
(piently  the  i)roliferation  seems  to  begin  in  the  mesenteric  attach- 
ment forming  tumors  sometimes  even  as  large  as  a  child's  head, 
which  invoKe  the  walls  of  the  gut  by  continuity  and  cause  stricture 
of  the  lumen.  In  the  former,  there  is  ulceration  of  the  mucosa, 
which,  as  a  rule,  is  superficial  and  not  extensive;  in  the  latter  the 
mucosa  appears  perfectly  normal  or  slightly  thickened.  Adhesions 
to  surrounding  structures  and  to  the  abdominal  wall  are  common. 
In  a  few  instances,  the  induration  has  extended  to  the  ileo-cecal 
\alve  causing  narrowing  of  this  structure.  Abscess  formation  is 
rare,  and  when  present  is  .slight  as  in  one  of  our  cases. 

Mi(  Hoscoi'iCALLV.  These  tumors  reveal  typical  granulomatous 
changes  in  various  stages  of  senescence  and  the  descri|)tions  we 
have  submitted  in  reporting  our  cases  (excepting  Case  1  which  is 
almost  unique)  cover  the  ground  quite  fully.  There  is  never  the 
slightest  evidence  of  tuberculosis,  syphilis,  l^^nphogranulomatosis 
or  new  growth. 

The  remarkable  resemblance  of  some  of  the  cases  which  we  report 
to  hyperj)Iastic  tuberculosis  of  the  intestine  led  us  to  a  .study  of 
the  literature  of  this  malady  in  order  to  check  up  our  findings. 
We  have  arrived  at  the  conclusion  that  undoubtedly  many  if  not 
a  majority  of  .so-called  "hypcrj)lastic  tuberculosis  of  the  colon" 
are  really  simple  granulomata.  Indeed  the  majority  of  authors 
of  comjjrehensive  papers  on  "hyperplastic  tuberculosis  of  the 
intestine"  describe  lesions  that  are  identical  in  every  way  to  those 
which  we  have  reported.  For  instance  Lai'tigau''  says,  "More 
often  the  tubercles  are  mere  aggregations  of  lymphoid  cells  in  which 
one  or  m(»re  giant  cells  arc  seen,  hypithclioid  cells  are  usually 
ab.sent.  Man\'  show  little  tendency  to  necrotic  change;  a  distinct 
tenrlency  to  fibrous  transfonnation  is  apparent.  The  typical 
hifttihi<iic<il  ft'dlareH  of  tuhrrrle  bacilli,  arc  often  ah.scnt;  in  lieu  there- 
of there  niay  exist  a  diffu.se  eiid)ryonal  cell  differentiation,  at 
times  cajjablc  (>\  simulating  sarcoma."     Igriard^  says,  "In  many 
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cases  of  hyperplastic  tuberculosis  of  the  intestine,  no  tubercles, 
giant  cells  or  bacilli  are  found.  The  lesion  is  constituted  of  a 
mixture  of  variable  proportions  of  tuberculous  and  iuHauunatory 
elements.  In  certain  cases,  the  last  only  exist.  Nevertheless,  these 
inflammatory  tumors  should  be  classified  among  the  tuberculous." 
Itie*^  says,  "The  tuberculous  eleuients  are  relatively  rare.  More 
often  you  find  simple  follicles  with  two  or  three  giant  cells.  The 
zone  of  epithelioid  cells  is  wanting,  and  only  a  crown  of  round 
cells  surrounding  a  giant  cell  is  found."  Pilliet  and  Ilartman' 
say  that  "Hyperplastic  intestinal  tuberculosis  difl'ers  from  the 
C(mnnon  tubercle.  The  tuberculous  follicles  are  relatively  rare; 
the  embryonic  infiltration  on  the  other  hand  is  more  marked." 
Weiting*  after  calling  attention  to  the  fact,  "That  tuberculosis 
may  cause  an  immense  amount  of  connective  tissue  infiltration 
without  any  tendency  to  l)reak  down,"  remarks  in  a  late  portion 
of  his  paper,  "that  a  diagnosis  of  tuberculosis  must  be  excluded 
unless  tubercles  with  giant  cells  are  present."  Shiota^  who  de- 
scribes 24  cases  of  so-called  hyperplastic  tuberculosis  renuirks, 
"That  it  is  common  not  to  be  able  to  differentiate  the  lesion  from 
an  inflammatory  hyperplasia."  Tjjsen'-''  says,  "That  tuberculosis 
may  be  present  even  though  the  characteristic  histological  reaction 
is  absent,  and  that  the  diagnosis  can  onl}'  be  confirmed  by  aninial 
inoculation."  Incidentally,  as  regards  intestinal  tuberculosis,  we 
have  been  unable  to  find  in  the  literature  that  this  procedure  has 
been  performed.  lie  regards  "a  late  invasion  by  the  organism  as  a 
possible  explanation  for  the  absence  of  the  characteristic  histological 
characters."  Doubt  seems  to  have  crept  into  the  mind  of  but  one 
observer,  Richter.^i  He  believes  that  hyperplastic  tuberculosis 
is  really  a  non-specific  inflanimation  of  the  cecum  and  tliat  the 
tuberculosis  is  only  an  accidental  infection  and  complication,  the 
result  of  swallowing  tubercle  bacilli  either  from  a  pulmonary  focus 
or  in  milk. 

It  does  not  recjuire  much  reading  of  studies  of  intestinal  tuber- 
culosis to  discover  that  observers  have  copied  each  other's  dis- 
cussions closely.  For  instance,  nearly  all  try  to  account  for  the 
non-tuberculous  characteristics  of  their  lesions  by  likening  them 
to  lupus.  It  remained  for  Kichter  to  disclose  the  falhu-y  of  this 
assumption.  Furthermore,  all  comment  on  the  sjiarseness,  or  what 
is  more  significant,  the  absence  of  tubercle  bacilli  in  such  tissues, 
although  only  very  few  mention  any  attempts  at  finding  them  in 
the  lesions  they  report.  At  all  events,  the  scarcity  of  bacilli  is 
supposed  to  account  for  the  absence  of  the  txpical  histological 
characters  of  tuberculosis  in  these  lesions,  but  on  what  grounds 
we  do  not  know.  Tubercle  bacilli  are  scarce  in  many  frankly 
tuberculous  lesions,  but  nevertheless,  the  lesions  are  unmistakable. 
The  absence  of  bacilli  in  the  lesions  they  describe  is  certainly  sig- 
nificant, but  this  seems  to  have  escapetl  notice. 
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\\\'  l)dio\c.  tlu'rt'foro,  with  iiioro  riu;i(l  iiu'tliods  of  Iiistolouical 
.stuil\\  tlio  mnnhor  of  true  hyperplastic  tuhiM-("uh)srs  of  tho  intostiiu" 
will  (Inninish  appivoiahly  and  that  in  tho  futuiv  fewer  will  be 
reported  than  heretofore. 

The  eritieisiu  we  have  submitted  also  aeeonnts  in  a  laru'e  measure 
ft>r  the  eomi)arative  absence  of  reports  of  non-si)ecific  i;raiuilomata 
of  the  intestine  up  to  the  year  of  Braun's  i)ublication. 

Ktuu.ouy  AXn  PATiiociKNESis.  lu  the  vast  majority  of  the 
rei)orted  cases  the  etiology  was  imknown.  A  curious  featui-e  in  all 
•i  i-ases  whic-h  we  report  is  the  history  of  a  i)re\i()ns  apiuMidicitis 
or  a])peii(ieetomy.  In  2  cases  (1  and  111)  a  definite  acute  suj)- 
l)urative  ap|HMidicitis  preccMJed  tlu^  onset  of  siu:ns  six  mouths  and 
two  years  resj)ecti\ely.  In  (  asc  II  an  aj)pendectomy  in  the 
i-onrse  of  herniotomy  was  jierformed  three  years  ])re\'iously. 
(Whether  the  appendix  was  diseased  or  not  can  no  longer  be  deter- 
mined.) In  Case  I\'  the  history  suggested  an  acute  appendicitis 
three  weeks  previous  to  the  onset  and  i)athol(>gical  examination 
of  the  appendix  revealed  a  comi)letely  obliterated  organ. 

The  relationship  of  inflammatory  lesions  of  the  colon  to  apj)endi- 
citis  is  repeatedly  broached  in  reported  studies.  (l)e  liuyter/- 
(iangitano,"  Ljiwen/''  (iato/*  Teitze,-  Korte.^)  In  most  of  these 
reports  however,  the  inflammatory  process  is  contiinious  with  that 
of  the  a])pendix  and  involves  only  the  contiguous  [)ortion  of  the 
cecinu.  In  other  instances  mere  coproliths  are  present  or  old 
obliterations  at  the  tip.  Despite  the  fre(|uent  associations  of 
inflammatory  lesions  in  the  colon  and  aj)pen(licitis,  we  are  forced 
to  the  conclusion,  taking  into  consideration  all  j)ossible  genetic 
fac-tors,  that  this  relationshi])  is  entirely  coincidental.  We  can- 
not conceive  how  a  chronic  granuloma  in  the  colon  can  arise  at  a 
distance  from  an  inflammed  appendix  removed  six  months  or  two 
years  previously  (»r  an  ai)pendectoniy  performed  three  years 
before  the  onset  of  signs.  Mvcn  if  such  a  late  infection  were  j)ossil)le, 
it  coidd  only  arise  by  way  of  the  lymphatics,  and  while  it  is  true 
according  to  Bartels'^  that  the  lymphatics  of  the  appendix  and 
cecum  anastomose,  the  current  is  in  the  rexcrsed  direction.  To 
assume  that  an  infection  occurs  in  the  retrograde  direction  would 
be  stretching  possibilities  unduly.  Another  j)ossibility  is  that  the 
I)resence  of  a  dormant  infection  in  the  gut  contributed  to  an  infection 
of  the  appendix.  There  is  little  (iuestii>n,  judging  from  the  mor- 
phological characters,  that  the  granuloma  was  present  in  the  gut 
long  bcf(tre  clinical  nianifestations  became  aj)|)arent  and  it  is  con- 
cei\abl»-  that  such  a  mass,  probably  already  ulcerated,  would  render 
an  infection  of  the  appendix  more  liable.  In  this  comiection  it 
is  interesting  to  note  t  hat  a  pii  in  a  ry  typlilil  is  of  the  cecutri,  a  lesion 
resembling  tho>c  which  we  describe  scry  closely  has  Ix-en  report <'d 
occasionally,  in  many  instances  such  a  lesion  being  regarded  as  tin; 
cour.^u  of  a  subse({Uent  apjjcndicitis.     I'or  many  years  the  occur- 
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rence  of  a  primaiy  typhlitis  was  doubted  hut  it  uniiut'stioiialily 
occurs.     Haim'''  re})orts  many  such. 

There  are  a  number  of  case  reports  of  granuloma  of  the  colon  in 
which  foreign  bodies  were  the  direct  cause.  Jafl'e^^  found  a  tunn>r 
the  size  of  a  fist  involving  the  colon  in  the  center  of  which  a  small 
piece  of  bone  was  found.  Schreiber^^  reports  a  large  ulcerating 
granuloma  of  the  ileo-cecal  region  in  which  many  cherry  and  j^Ium 
pits  were  present.  Marion-'^  reports  a  i)iece  of  bone  in  a  large 
granuloma  of  the  ascending  colon  adherent  to  and  involving  the 
rectus  uiuscle.  Tietze-  reports  a  granuloma  in  the  cecum  follow- 
ing an  operation  for  acute  api)endicitis.  In  the  center  of  tiie 
granuloma  the  silk  thread  (Mni)loyed  in  ligating  the  a])pcndix  was 
found.  Wolfier  and  Lieblein-^  in  their  comprehensive  monograph 
on  "foreign  bodies  in  the  intestine"  remark  on  the  frequency  of 
lodgement  of  such  bodies  in  the  cecum  where  they  give  rise  to  large 
inflammatory  thickening  with  adhesions  and  occasionally  to  per- 
foration with  chronic  abscess  formation. 

The  only  specimen  in  our  series  in  which  a  foreign  body  was 
present  is  Case  I  in  which  microscopical  foreign  bodies  of  unknown 
structure  were  found  enclosed  within  giant  cells.  What  the  nature 
of  these  structures  are  is  unknown  to  us.  These  foreign  bodies 
we  believe  penetrated  into  the  wall  of  the  gut  through  previous 
ulceration  consequent  to  colitis.  No  foreign  bodies  were  found  in 
the  other  specimens,  either  on  section  or  by  roentgen-ray. 

A  colitis  or  dysentery  has  been  reported  as  preceding  the  onset 
of  these  granulomata  b}-  numerous  writers,  (^lonsarrat--,  Uosen- 
heim,23  Strauss,^^  Birt  and  Fisher,-^  Koch,-'^  Gato^^  and  Tietze-). 
In  our  first  case  a  colitis  was  probably  the  origin  of  the  granuloma, 
if  a  long  standing  diarrhea  with  blood  and  mucus  in  the  stool  is 
at  all  diagnostic  of  a  colitis.  Tietze  r(»i)orts  a  case  of  inffanunatory 
tumor  of  the  sigmoid  flexure  following  irrigation  of  the  lower 
bowel  with  a  strong  silver  nitrate  solution. 

The  derivation  of  granulomata  from  diverticulitis  of  the  sigmoid 
is  well  known.  This  malady,  however  does  not  enter  into  our 
discussion. 

In  the  vast  majority  of  instances  the  cause  of  tlic  granuloma  is 
unknown.  We  nnist  presume  that  there  is  some  infectious  agent 
of  low  grade  violence  which  enters  through  the  mucosa.  Dis- 
tribution of  the  infection  by  lymi)hatics  is  in  most  instanc(>s  highly 
probable.  The  lesions  remind  one  strongly  of  the  graiuilomata 
described  by  Braun"  and  others  which  occur  in  the  omentum  fol- 
lowing ligation  and  resection  of  this  structure  in  herniotomies  and 
which  are  due  to  infections  from  silk  or  catgut.  Uarely,  these 
granulomata  arise  from  infections  in  the  stomach,  Fall(»|)ian  tubes 
or  ovaries.  They  also  resemble  the  inflannnatory  tuuKWs  of  the 
abdominal  wall   described   by  Sehloirer,^'  arising  after  c.i..r;.<i..n> 
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for  luTiiia.  in  whii-li  silk  stiti'hcs  arc  occasionally  found  inibocKKHl 
within  the  tumor. 

C'l.iMCAL  ('oNsinKKAiioxs.  A  siu'vcv  of  our  report  readily 
Icails  to  the  deduction  that  the  lesion  we  report  olfers  jio  char- 
acteristic I'linical  concept:  the  etiology,  synij)toins  and  siuns  arc 
too  jirotean  and  indefinahle.  l'!\  idiMicc  of  a  stenosis  of  the  gut 
and  the  i)resence  t>f  a  mass  in  the  ahdomen  are  hy  all  odds  the  most 
I'onstant  phenomena.  The  most  prevalent  diagnoses  ha\e  heen 
malignant  growth,  hyperplastic  tuberculosis  and  appendicitis  and 
most  observers  agree  that  a  correct  preoperative  diagnosis  is  impos- 
sible. The  most  interesting  and  diagnosticable  characteristic  in 
connection  with  these  granulomata  of  the  intestine  is  their  dis- 
ajipearance  after  a  sim])le  sidetracking  operation.  Moynihan-^  and 
Robson'"  report  such  instances.  Obviously  the  presence  of  a  tumor 
of  this  variety  has  a  profound  bearing  on  prognosis. 

Conclusions.  1.  Four  cases  of  non-specific  granulomata  of  the 
intestine  arc  described.  All  involved  the  colon,  1  involved  both 
colon  and  small  intestine. 

2.  The  histological  characteristics  are  those  of  a  simple  granu- 
loma. Xo  evidences  of  tuberculosis,  syphilis  or  lymiyhogranu- 
lomatosis  are  i)resent. 

3.  The  granulomata  may  involve  any  portion  of  the  colon. 
The  infiltration  of  the  wall  may  be  more  prominent  on  the  mucosal 
or  the  mesenteric  aspect.  In  both  instances  the  lumen  is  narrowed. 
Ulcerations,  which  are  usually  superficial,  may  be  present;  exception- 
ally, abscess  formation. 

4.  The  cause  most  often  is  unknown.  In  a  few  cases  foreign 
bodies  and  a  colitis  have  been  reported.  Despite  the  association 
of  the  lesion  with  a  previous  ajipendiceal  in\()lvcmcnt  we  do  not 
believe  that  a])pendicitis  has  any  direct  causal  rclationshi])  to  the 
malady. 

5.  Clinically,  these  cases  present  signs  of  constriction  of  the 
intestinal  lumen  and  a  mass  in  some  portion  of  the  colon.  Thus 
far,  the>'  are  not  diagnosticable  before  operation  and  have  usually 
been  mistaken  for  carcinoma  and  tuberculosis  of  the  intestine. 
Not  infrequently  these  tumors  disappear  after  simple  sidetracking 
of  the  intestine.     The  prognosis  is  excellent.* 

*  We  wiah  to  express  our  jji-ofouiid  tliaiiks  to  Drs.  Seward  I'>(liii:m,  W.  C.  Clarke 
and  P.  Stout  for  the  privilege  of  reporting  their  ca.sc8. 

l{KFKI{T:Xfi:S. 

1.    iJraiin;     Arch.  f.  kiln.  <'liir.,  I'.X)'.),  100,  1. 

'J.  'J'ictzc:     KrKelni.  d.  (  hir.  u.  Ortliop.,  lOl'O,  12.  Ull. 

:i.   K.irte;     Arch.  f.  kiin.  f'liir.,  HJ21,  118,  I.'.S. 

4.  I>artigau:     .Jour.  Kxper.  Med.,  1001,  6,  2'-',. 

a.  Ignard:     Paris  Thesis,  lOl.'J. 

6.  Itie:     Nouv.  .Montijellier  mod.,  18'J'J,  8,  1^11. 


MOSCHCOWITZ:   NON-SPECIFIC  GRANULOMATA  OF  THE  INTESTINE      1!» 

7.  Pillict  and  Hartmann:     Bull,  et  m6in.  Soc.  aiiat.  do  Paris,  IS'Jl,  i>.  471. 

8.  Wieting:     Deutsch.  Ztsohr.  f.  Chir.,  1905,  78,  341. 

9.  Shiota:     Arch.  f.  klin.  Chir.,  1908,  77,  982. 

10.  Ipsen:     Berl.  klin.  Wchnschr.,  1900,  43,  791. 

11.  Richter:     Zeigler's  BeitriigG,  1906,29,  199. 

12.  de  Ruytcr:     Vcrhandl.  deutsch.  Gesellsch.  f.  Chir.,  1908,  37,  220. 

13.  Gangitano:     Arch.  f.  klin.  Chir.,  1909,  89,  399. 

14.  Lawen:     Deutsch.  Ztschr.  f.  Chir.,  1914,  129,  221. 

15.  Goto:     Arch.  f.  klin.  Chir.,  1912,  97,  190. 

16.  Bartels:     Das  Lymphgefiisssystem,  Jena,  1909. 

17.  Haim:     Deutsch.  Ztschr.  f.  Chir.,  1911,  113,  319. 

18.  Jaffe:     Verhandl.  deutsch.  Gesellsch.  f.  Chir.,  1908,  37,  218. 

19.  Schreiber:     Deutsch.  Arch.  f.  klin.  Med.,  1902,  76,  122. 

20.  Morian:     Deutsch.  Ztschr.  f.  Chir.,  1912,  114,  267. 

21.  Wolfler  and  Lieblein:     Deutsch.  Chir.,  1909,  vol.  46. 

22.  Monsarrat:     Brit.  Med.  Jour.,  1907,  2,  65. 

23.  Rosenheim:     Deutsch.  med.  Wchnschr.,  1907,  33,  411. 

24.  Strauss:     Therapie  d.  Gegenw.,  1909,  11,  313. 

25.  Birt  and  Fisher:     Brans'  Beitriige,  1917,  104,  167. 

26.  Koch:     Arch.  f.  klin.  Chir.,  1903,  70,  876. 

27.  Braun:     .-^ch.  f.  klin.  Chir.,  1901.  63,  378. 

28.  Schloffer:     Arch.  f.  klin.  Chir.,  1908,  88,  1. 

29.  Moynihan:     Edinburgh  Med.  Jour.,  1907,  21,  228. 

30.  Robson:     Brit.  Med.  Jour.,  1908,  1,  425. 


'^ 


Extracted  from  tho  American  Journal  of  (lie  Medical  Sciences 
May,  l!t21.  No.  5,  vol.  clxvii,  p.  70J 


A    POSSIBLE    RELATIONSHIP    BETWEEN    THE    CURRENT    OF 
INJURY  AND  THE  WHITE-BLOOD  CELL  IN  INFLAMMATION.* 


By  Harold  A.  Abramson,  M.D., 

NEW   YORK. 

(From  the  Laboratories  of  the  Department  of  Surgery,  College  of  Physicians  and 
Surgeons.  Columhi.q  T'niversity.  Xow  York.) 


The  study  of  inflammation  has  resulted  in  the  formulation  of 
many  hypotheses  of  the  causes  and  the  results  of  the  ])roeesses 
present.  For  the  purposes  of  the  experiments  upon  which  this 
paper  is  based,  inflammation  is  regarded  as  a  process  incidental  to 
some  injuries  in  living  tissues;  more  particularly,  the  congregating 
of  cells  in  the  zone  of  injury  is  considered  the  essential  feature. 
There  is  inflammation,  and  there  must  be  present  in  the  tissue  where 
the  process  occurs  some  system  of  factors  which  brings  certain  tissue 
units  to  the  point  of  injury,  and  the  cells  influenced  must  be  able 
"mechanically"  to  reach  the  point  of  excitation.  The  questions  of 
how  and  why  the  white-blood  cell  arrives  at  the  point  of  injury  have 
been  widely  discussed.  Neglecting  the  teleological  attitude,  and 
without  going  into  a  discussion  of  chemotaxis,  surface  tension, 
and  so  on^'  ^  which  have  been  oft'ered  as  possible  explanations  and 
which  certainly  may  play  a  part,  this  paper,  first,  will  endeavor  to 
oft'er  an  hypothesis  which  will  eventually  attempt  to  correlate 
qualitatively  and  quantitatively  the  chemical  and  mechanical 
make-up  of  tissues  with  the  migration  of  the  white-blood  cell  to 
some  points  of  injury;  secondly,  will  present  some  experimental 
evidence  in  favor  of  this  hypothesis;  and  thirdly,  in  discussion  will 
elaborate  upon  the  first  two. 

I.  The  Basis  of  the  Hypothesis.  Althougii  all  injuries  to  cells  or  tis- 
sues are  not  followed  by  the  microscopical  picture  of  inflannnation, 
inflammation  is  always  an  expression  of  injury.  When  living  tissues 
are  injured,  whether  the  fashion  l)e  crusliing,  burning,  cutting,  or 
chemical,  there  ensue  the  visual  and  chemical  changes  which  follow 
such  interruptions  of  normal  tissue  metabolism.  If  a  living  leaf  be 
cut,  and  non-i)olarizable  electrodes  be  applied  to  both  injured  and 

*   Uoceivod  fnr  iMiWi'-itinn,  .Iiilv  18.  192.3. 
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»ininjiiro<l  surfaces,^  there  is  experioiunl  an  eleotro-niotive  fcireo 
hetween  tlie  cut  and  uneut  surfaces.  Similarly,  if  a  carefully  tlis- 
seetetl  frog's  nnisi'le  i>e  eross-seetioned.  and  non-polarizable  elec- 
trodes l>e  applied  in  the  same  fashion,  the  injured  surface  becomes 
electro-uegati\  e  and  the  galvanometer's  deHection  slowly  increases 
to  a  maximum,  after  which  it  suffers  a  parallel  diminution  until  it 
eventually  disajij^ears.  This  current  of  injury  \aries  with  the  point 
of  application  of  the  electrmle  ui)on  the  uninjured  surface,  and  is 
not  one  due  to  membrane  potential  phenomena  alone,  but  because 
of  the  fact  that  between  the  injured  and  normal  tissue  there  passes 
when  injury  is  ])roduced,  a  more  or  less  constant  current  which 
varies  in  intensity  as  the  many  factors  of  tissue  and  tissue  injury 
do.  Uninjured  muscles  in  the  resting  state  are  iso-electric;  no 
difference  of  potential  is  manifested  at  their  surfaces.*'  * 

Hermann,  who  made  the  observations  noted  above,  formulated 
the  law  which  is  applicable  to  all  cases,  that,  "In  every  injured 
muscle  fiber  the  surface  of  demarcation  between  tlie  living  and  dead 
[OT  rather  dying)  portion  of  the  fiber  is  the  seat  of  an  electro-motive 
force  toward  the  living  part."  Another  relatedfact  brought  out  by 
this  author  is  that  a  general  rise  of  temperature  increases  the  strength 
of  this  demarcation  current  up  to  a  certain  limit  beyond  which  it 
decreases  again,  until  it  disai)pears  with  the  onset  of  heat  rigor. 

In  the  same  fashion  the  currents  that  can  be  led  oil'  to  a  galvanom- 
eter from  an  artificial  cross-section  and  from  any  given  point  of 
the  uninjured  longitudinal  surface  of  a  nerx'c  increases,  and  then 
decreases  one-half  in  two  to  four  hours.  But  the  dillcrcnce  of  poten- 
tial may  increase  again,  and  the  current  regain  its  original  force  if  a 
new  section  is  made  near  the  first.**  This  fact  is  important  })ecause 
it  seems  that  the  strength  of  the  current  is  not  only  influenced  by 
temperature  at  the  site  of  injury,  but  also  the  degree  of  the  lesion. 
The  strength  of  these  ficmarcation  electro-motive  forces  varied 
from  .02  to  .03  of  a  volt  in  the  frog's  sciatic  nerve,  and  was  equal 
to  .008  of  a  volt  in  that  of  a  horse  (Biederman)  .  It  has  been  known 
to  exceed  .OS  of  a  volt  in  a  frog's  gastrocnemius  (I  )u  Bois  Raymond).^ 

The  significance  of  these  currents  of  injury  in  relation  to  the 
theory  of  leukocyte  mobility  and  to  inllaiiimation  soon  to  be  dis- 
cu.s.sed,  is  more  readil\  appreciated  if  the  injured  tissue  and  the 
adjacent  normal  or  nearly  normal  cells  be  compared  to  an  electric 
battery.**  From  tin;  facts  emunerated  above  it  is  aijj)arent  that 
injury  to  li\ing  tissues  precipitates  primarily  an  increase;  in  chemical 
activity,  one  of  the  manifestations  of  which  is  the  electrical  phe- 
nomena observed.  'J'his  increase  in  ehcniicjd  activity  may  be  com- 
pared to  that  which  takes  place  in  a  battery  having  zinc  and  coj)per 
plates  as  electrorles  which  are  irmnersed  in  solutions  of  their  respec- 
tive salts  and  separated  by  a  ])oroiis  partition. 

].  'J'lie  pole'^on  the  left  becouK'S  negatively  charged  on  account  of 
the;  de|)arture  of  j)ositiveIy  charged  ions  from  its  surface,  for  this 
metal,  zinc,  go(!s  into  solution  more  rapidly  than  does  copper.     A 
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current  therefore,  according  to  conventional  usage,  flows  from 
positive  to  negative  through  the  wire  and  in  tlie  form  of  migrating 
ions  from  positive  to  negative  through  tiie  Hquid. 


■ 


Fig.    1. — Schema  to  show  direction  of  current  in  battery. 

2.  The  difference  in  potential  (E.  ^I.  F.)  is  not  affected  by  changes 
in  the  size  or  shape  of  the  poles  or  the  amounts  of  tiie  solution, 
provided  the  materials  are  not  changed.  It  is  very  noticeably 
altered,  however,  by  changes  in  the  concentrations  or  the  tyjK^  of 
solution. 


+ 


Fig.   2. — Schema  to  show  path  of  demarcation  current. 

To  resume  the  comparison  of  an  injured  tissue  to  a  battery,  the 
uninjured  surface  may  be  considered  the  ])ositive  pole  and  the 
injured  the  negative,  the  current  flowing  externally  from  positive 
to  negative.  Internally,  the  injured  tissue  may  be  compared  to  the 
immersed  zinc  plate— the  normal  to  the  innnersed  c(ii)pcr  plate  and 
hence  the  injured  area  will  be  electro-positixc     the  uninjured  electro- 
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lu'jiatiM',  aiitl  tlir  ciint'iii   Mow    I'rom  tlir  iiijiiicd   (n  (lie  uiiiii jurcd 
c-ells. 

If  tlieiv  1k'  lu'twftMi  tlir  noniial  ami  iiijuii'tl  tissurs  a  ciin-i'iit  llow- 
ini:  which  wmiKI  \ary  with  tlio  tyj)i' i)t' tissu(\  (K\uri>i' of  injury,  toni- 
{H'rature  of  the  jiart,  ami  if  in  this  oU'ctrical  lield  tlioiv  ho  free  cells 
and  injurtMJ  hloodvessols,  the  hypothesis,  that  one  of  the  forces 
guiding  tiie  white-hlood  cell  to  the  i)oint  of  injury  (and  perhaps  even 
j)laying  a  dominant  role)  is  the  electrical  current  flowing  between 
the  injured  and  uninjured  tissues,  is  hardly  without  reason.  The 
concept  that  the  white-hlood  cell  may  go  toward  one  pole  or  another 
is  not  new.  But  the  pole  to  which  they  migrate  has  not  been  settled. 
For  the  past  thirty  years  numerous  observers  have  disagreed  because 
the  e\i)erimental  conditions  under  which  they  worked  were  dill'ereiit. 
IMatinum  poles  instead  of  non-polarizable  electrodes  were  used; 
sugar  or  other  .solutions  held  the  blooil  cells  in  suspension.'"  "  '- 
The  hydrogen-ion  concentration  of  the  medium  was  neglected. 
The  knowledge  of  the  influence  of  pn  on  catajihoresis  and  proteins 
in  general  is  a  recent  accpiisition. 


Fio.  3.— Diagram  of  apparatus;  B,  battery;  C,  commutator;  CD. P.,  covcrslip 
and  serum  surrounded  liy  paraffin;  G,  galvanometer;  O.Ii.,  glass  block;  N.P.,  non- 
polarizable  electrodes;  R,  rheostat;  S,  switch. 


'i'he  technic  to  f)e  described  ()i)viates  as  far  as  possible  the  errors 
mentioned  above,  and  although  the  experiments  to  be  })resented 
were  done  in  rilro,  it  is  fair  to  draw  some  |)arallelism  between  them 
and  the  changes  in  the  living  tissue.  Tnglazed  porcelain  non- 
polarizable  boot  electrodes  were  set  in  a  glass  block  5  mm.  apart 
and  ground  down  so  that  the  level  of  the  elef;trodes  and  glass  w^ere 
the  same.  The  apparatus  was  kej)t  in  physiologically  normal  saline 
whose  pii  was  about  7.5,  api)roaching  that  of  serum.  While  on  a 
warm  stage  at  about  100°  F.,  the  effect  of  the  passage  of  a  current 
from  a  firy  cell  through  human  serum  containing  the  cells  of  the 
uppermost  layer  of  centrifuged  defibrinated  blood  w^as  observed. 
The  coverslip  over  the  drops  was  surrounded  by  parafhn,  and  thus 
preventing  evaporation,  preparations  could  be  studied  for  hours. 
A  shunted  galvanometer  recorded  the  pa.ssage  of  the  current  and  a 
])(>](•  clianger  was  in  tin;  circuit. 
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II.  Experimental  Evidence.  The  f()llf)wintj;  ohservations  have 
been  made  with  the  teclinie  wliich  was  deserihed  most  l)rieHy  in 
the  preceding  paragraph. 

1.  Small  lymphocytes,  when  the  estimated  difference  of  potential 
between  the  two  electrodes  is  .4  of  a  volt  and  the  current  through 
the  circuit  -^^^  of  a  milliampere,  migrate  toward  the  positive  pole 
with  a  speed  approximately  of  15  microns  per  minute.* 

They  move  faster  tlian  red  blood  cells  in  the  same  preparation,  push- 
ing them  aside  and  traveling  almost  in  a  straight  line.  When  the 
current  is  reversed  they  almost  instantaneously  change  the  direction 
in  which  they  are  traveling.  All  the  lymphocytes  in  the  field  do  not 
migrate.  Those  which  seem  physically  able  to  do  so  in\ariably  travel 
toward  the  positive  pole,  or,  comparing  it  to  the  injured  tissue,  to 
the  electrical  equivalent  of  the  point  of  injury.  Although  tiny 
processes  seem  to  be  thrown  out,  there  could  hardly  l)e  said  to  be 
much,  if  any  ameboid  motion,  and  the  migration  could  in  all 
probability  be  considered  a  result  of  cataphoretic  phenomena. 

The  speed  of  migration  was  not  dependent  upon  the  "age"  of  the 
lymphocyte.    Approximately  the  same  velocity  was  shown  by  lym- 

*  There  are  numerous  technical  difficulties  attached  to  the  use  of  the  apparatus 
described  in  these  experiments.  A  recent  article  by  Winslow  et  al  (Jour.  Gen. 
Physiol.,  1923,  6,  177)  takes  up  some  of  these,  and  gives  rather  complete  references 
to  the  theoretical  considerations.  The  presence  of  glass  particularly  influences 
the  speed  of  migration  of  particles  suspended  in  a  watery  medium.  Water  is  electro- 
positive to  glass.  "That  is,  the  water  which  moves  toward  the  cathode  at  the 
glass  surfaces  returns  toward  the  anode  in  the  mid-regions  of  the  fluid  in  the  cell. 
Obviously  then,  the  electrophoretic  movement  of  the  particles  will  be  impeded  at 
certain  levels  in  the  cell  and  accelerated  at  others  by  the  independent  niovement  of 
the  water.  In  addition,  of  course,  there  is  the  electrical  endosninse,  due  to 
difference  of  potential  between  the  particles  and  the  water.  The  true  mobility  of 
the  particles  is  the  average  mobility  of  all  levels  in  the  cell." 

In  the  experiments  of  the  author  there  were  many  mechanical  drawbacks,  espe- 
cially the  tendency  of  the  white-blood  cells  to  settle  upon  the  glass  block,  thus  pre- 
venting an  attempt  to  determine  "the  true  mobility  of  the  particles"  —  the  lympho- 
cytes. The  cells  whose  average  speed  was  15  microns  per  minute  were  those  which 
moved.  There  were  also  present  in  the  field  rod  blood  cells  and  leukocytes,  althouch 
an  attempt  was  made  to  get  only  white  blood  cells  from  the  uiipermost  layer  of  the 
defibrinated  human  blood  with  delicate  capillarj^  pipettes.  Manj-  of  (he  lympho- 
cytes, particularly  those  resting  on  the  glass,  exhibited  no  movement  in  either 
direction.  Those  which  did  move  alwaj's  moved  toward  the  anode.  Hence  the 
figures  given  in  this  report  for  lymphocytic  speed  under  the  experimental  conditions 
is  not  the  "true  mobility"  of  the  lymphocyte  under  those  conditions,  but  is  an 
expression  of  the  direction  of  niisration  of  the  lymphocyte,  aided  in  speed,  pre- 
sumably, by  the  anodal  flow  of  water  in  the  mid-repions  of  the  cell. 

In  the  Helmholtz-Lamb  equation, 

4  n  V  IT 

P.D.    = 

A' A' 

in  which: 

n    =   viscosity  of  the  solution. 

V    =   velocity  of  the  particle  in  centimeters  per  second. 
K    =   dielectric  constant  of  the  solution. 
A'    =   potential  gradient. 
All  electrical  units  expressed  electrostatically,  camiot  be    used   with  (he  figurea 
reported  for  the  speed  of  the  lymphocytes  (o  determine  the  po(en(ial  difference 
(P.D.)    between  the  lymphocytes  and   the  serum   in   which   they   were  suspended, 
becau.se  of  a  lack  of  knowledge  of  their  "(rue  mobihty." 
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pluK'vtos  which  wen-  ohtaiiu'tl  from  I'rrslily  (h;i\\ii  hlood  mid  hy 
those  whicli  had  ht-t'ii  Urpt  on  ico  f(»r  thirty  hours  or  less. 

2.  rolyiuorpht)iuu'lear  leukocytes,  luider  the  same  eouditious, 
exhihited  nothiiii:  which  could  he  called  a  constant  direction  ol' 
mijjration.  The  experiments  were  entirely  negative  as  far  as  this 
type  of  blood  eell  was  coneerned.  Since  unieellular  organisms, 
iiuluding  ameboid  forms,  in  general  under  the  proper  electrical 
and  meciuiniial  c-onditions  move  toward  one  pole  or  the 
other. '■^'  '^'  '^'  "'•  '"•  '*^  it  should  be  expected  that  the  movements  of 
the  polymorphonuelear  leukoeyte  would  also  be  intluenced  by  the 
gahanic  current.  At  present  a  direct  analogy  cannot  be  made  with 
the  ameba  because  the  observations  were  not  made  under  known 
t'onditions  of  hydrogen-ion  concentration.  The  elVects  of  glass  and 
of  the  presence  of  light,  the  absence  of  chemical  substances  accom- 
panying tissue  injury,  the  net'd  of  a  stronger  current  and  tlie  mechan- 
ical conditions  may  influence  ameboid  movement  in  the  leukocyte. 
In  tliis  coimection,  the  efi'ect  of  glass  on  the  cataphoresis  of  bacteria, ''■' 
the  influence  of  light  on  the  ameba,'-"  the  change  in  direction  of 
migration  of  Paramecium  brought  about  by  chemical  substances-' 
are  both  interesting  and  imjjortant.  P^or  in  all  probability  these 
factors  and  tiie  mechanical  limitations  {e.  (/.,  polymorphonuclear 
leukocytes  upon  meeting  a  roughened  crack  in  glass  almost  inva- 
riably ceased  to  mo^■e)  ])lay  an  important  role  in  the  failure  of  the 
experiments.  Even  tissue  cultures  grow  in  line  with  a  constant 
current  and  perpendicular  to  a  conductor.--  The  ai)plical)ility  of  this 
work  to  the  repair  of  tissue  injury,  to  the  growth  of  blootlvessels  into 
gramiiation  tissue  and  its  own  formation,  is  most  suggestive  when 
considering  the  electrical  phenomena  incidental  to  injury. 

m.  The  Elaboration  of  the  Theory.  Several  questions  have  been 
aske<l.  Will  leukocytes  imder  the  experimental  conditions  react 
to  a  stronger  current'::'  Are  the  mechanical  conditions  present  con- 
ducive to  migration  ?  I  )oes  light  inhibit  their  response  to  the  electric 
current?  That  is,  under  the  exix-rimental  conditions  miiy  there 
not  have  been  many  other  factors  whicli  influence  the  direction  of  the 
leukocytic  migration  over  the  pathway  described  and  that  observed 
be  a  resultant  of  these  forces? 

In  answer,  the  following  elaboration  of  the  theory  is  presented 
jjurely  as  speculation  based  upon  the  jjhysiology  and  pathology  of 
inflannnation  as  well  as  what  has  been  described.  In  the  presence 
of  an  acute  infection*  there  are  manifested  the  signs  of  an  increase  in 
chemical  acti\  ity,  and  w(;re  the  demarcation  current  to  be  measured, 
it  should  be  greater  than  that  produced  by  a  low  grade  inflarmnatory 
I)rocess.  In  terms  f)f  tlu;  current  of  injury  therefore,  chemical 
phenomena  are  set  up  in  the  chionic  process  which  do  not  produce 
as  intense  a  current  as  in  the  acute  process.  With  a  weak  constant 
current  are  attracted  the  slow  moving  lymphocytes;  with  the 
•.>tronger  eurrent,  the  greater  tissue  injury,  and  perhajjs  with  the 

*  Or  iiriy  Hovcm  injury. 
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production  of  leukocyte  stimulating  substances  there  rush,  directed 
by  the  demarcation  current  plus  the  other  factors,  the  leukocytes 
and  some  lymphocytes.  As  the  chemical  actiA'ity  abates  antl  the 
leukocytes  disintegrate,  there  remains  a  small  but  constant  current 
sufficient  to  maintain  a  steady  lymphocytic  migration.  And  with 
the  further  waning  of  the  electrical  phenomena,  there  are  fewer  and 
fewer  white-blood  cells  wandering  to  the  site,  until  with  the  cessation 
of  the  current,  the  migration  ends. 

In  further  support  of  this  point  of  view  is  the  reaction  of  the 
tissues  themselves.  If  they  be  listed  according  to  the  ease  with 
which  an  inflammatory  process  be  set  up  within  them,  it  will  be 
found  to  be  a  function  of  the  chemical  response  to  injury  and  hence 
a  function  of  the  demarcation  current.  That  is,  connective  tissue 
responds  more  readily  than  cartilage  to  injury,  tendon  less  than 
connective  tissue.  The  character  of  chemical  make-up  of  the  tissue 
produces  a  great  number  of  physical  and  chemical  changes  in 
response  to  injury,  the  resultant  of  which  is  an  index  of  what  the 
demarcation  current  would  be.  Experiments  by  W.  C.  Clarke  and 
W.  C.  Woolsey  lead  one  to  suspect  that  hyaline  cartilage  does  not 
respond  to  injury  by  the  usual  process  of  repair.  A  summary  of  one 
of  the  experiments  follows:  In  dog  No.  116/85,  January  28,  1914, 
forty-nine  days  after  incision  of  the  cartilage  of  the  humeral  head, 
the  surface  appeared  grossly  as  if  no  attempt  at  repair  had  taken 
place.  jNIicroscopical  examination  bore  out  the  gross  findings.  A 
"  V"-shaped  defect  into  the  cartilage,  but  not  through  to  the  under- 
lying bone,  revealed  no  morphological  suggestions  of  repair  or  change 
in  the  surrounding  cartilage  cells. 

If  the  injury  had  been  one  that  involved  a  greater  chemical 
response  would  the  microscopical  reaction  ha^•e  been  different? 

The  mechanical  limitations  to  reaction  within  a  tissue  like  tendon 
or  cartilage  also  plays  its  part.  Even  if  the  current  were  strong 
enough  in  cartilage,  which  aj^parently  does  not  set  up  a  true  "chon- 
dritis," could  the  white-blood  cell  overcome  the  resistance  ofYered 
by  the  poor  transits  for  cellular  migration? 

The  following  further  experiments  would  partially  determine  the 
appropriateness  of  the  outlined  hypothesis. 

1.  The  study  of  the  response  of  leukocytes  and  lymphocytes  to 
different  currents  and  electro-motive  forces  under  varying  condi- 
tions (e.  g.  in  the  presence  of  extract  of  tissue,  etc.). 

2.  The  measurement  of  the  demarcation  currents  of  dillVrent 
tissues  under  standard  conditions  and  their  comparison  with  those 
used  experimentally. 

3.  The  demonstration  of  the  effect  of  the  electric  current  ///  mv. 

4.  The  reaction  of  clinical  material  treated  by  the  principles  of 
the  inflammatory  process  as  cited  above. 

Summary.  1.  A  theory  is  offered  that  one  of  the  forces  guiding 
the  white  blood  cell  to  a  point  of  injury  followed  by  an  inflanunatory 
process  may  be  the  current  of  injury  (demarcation  current). 


^     U!I{vmni'n:  i\.n  kv  wp  wiiirK  lu.oon  tKi.i.  in  inflammation 

2.  \\  itli  ii»tii-i)olarizal)K'  oloctrodes  under  stated  conditions,  small 
lynipliocN  tes  niiirrate  toward  the  anode  wliicli  may  a})|)arently  h(> 
lompared  to  an  injured  tissue  focus  where  inflammation  has  set  uj). 

;>.  Polyniorphcnuulear  leukocytes  under  the  same  conditions  do 
not  consistently  j;o  toward  one  j^ole  or  the  other.  Tlie  jirohahle 
cause  of  their  failure  is  discussed. 

4.  The  speed  of  1")  microns  per  mimite  manifested  by  small 
lymphocytes  was  the  same  whether  freshly  drawn  blood  cells  were 
studied,  or  those  taken  from  defibrinatcd  blood  kept  on  ice  uj)  to 
thirty  hours. 

.").  Little  if  any  ameiioid  motion  was  observed,  dnrint,'  lympho- 
cytic migration. 

().  Those  tissues  which  resj)ond  most  easily  with  the  picture  of 
inflammation  to  injury,  should  have  the  greatest  currents  of  injury, 
thus  correlating  the  view  expressed  with  the  pathological  processes. 

7.  The  mechanical  and  chemical  make-up  of  tissues  is  stressed 
as  a  deciding  factor  in  ease  of  production  of  the  picture  of  inflam- 
mation.* 

*  The  author  desires  to  express  his  sincere  thanks  to  William  C.  Clarke,  and  Arthur 
P.  Stout,  of  the  Department  of  Surfiery  and  to  Professor  Horatio  H.  Williams,  of  the 
Department  of  Physiology,  for  the  aid  and  criticisms  received  during  the  experimental 
work  and  the  writiiiK  of  this  paper. 
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THE     CHEMICAL     PATHOLOGY     ui-     riLOkJC 
OCCLUSION     IX     RELATION     TO     TETANY 

A     STUDY    OF    THE     CMLORID.     CARDOX     DIOXID     AND     L'REA     CONXCX- 
TRATIOXS     IX     THE     BLOOD* 

HEXRV    A.     MURRAY,    JR.,    M.D. 

NEW     YORK 

Gastric  tetany,  that  form  of  nerve  hyperirritalMiitv  associate;!  with 
vomiting,  dilatation  of  the  stomach  and  pyloric  occlusion,  has  interested 
and  puzzled  physicians  for  years.  The  condition  is  included  in  the  realm 
of  surgery,  since  it  is  usually  the  result  of  a  gross  lesion  near  the 
pylorus,  and,  consequently,  its  cure  depends  on  operative  measures. 
The  clinical  literature  on  the  su!)ject  has  established  no  definite  etiology 
and  the  various  theories  proposed  to  explain  the  relationship  between 
the  disturbance  of  gastric  physiology  and  tetany  have  been  unconvincing. 

In  this  paper  are  recorded  the  clinical  histories  and  blood  analyses 
of  seven  cases  of  obstruction  at  or  near  the  pylorus,  with  a  summary  of 
the  results  of  some  experimental  wo:-k  on  dogs.  The  facis  to  be  pre- 
sented support  the  theory  that  directs  attention  to  the  loss  of  hydro- 
chloric acid  from  the  stomach  as  the  cause  of  critical  changes  in  the 
composition  and  physiochemical  properties  of  the  blood.  Thus  is 
altered  profoundly  the  "milieu  interieure"— the  disturbance  of  whose 
regulated  balance  produces  such  profound  changes  in  the  dvnamics  of 
protoplasm.  In  this  case,  the  tissue  most  conspicuously  affected  is  that 
of  the  peripheral  nervous  system,  which  shows  a  progressive  increase  in 
irritability.  The  outward  manifestation  of  this,  hyperirritability  is  the 
clinical  condition  known  as  tetany.  As  other  cells  of  the  body  are 
similarly  exposed  to  the  disequilibrated  blood,  there  are  probablv  further 
significant  derangements,  the  nature  of  which  is  still  a  matter  of  con- 
jecture. These  may  overshadow  in  critical  importance  the  nervous 
condition,  and  might,  if  known,  be  more  justly  held  accountable  for  the 
frequently  fatal  outcome. 

HISTORV 

Kussmaul,^  who  seems  to  have  been  one  of  the  first  to  differentiate 
and  describe  gastric  tetany,  once  believed  it  to  be  the  result  of  tissue 
desiccation.  Bouveret  and  Devie,-  and  later  Mayo-Robson.''  suggested 
that  the  absorption  of  stagnant  stomach  contents  produced  the  carpo- 
pedal  spasms.    Germain-See  *  favored  tiie  idea  that  the  somatic  nervous 

*  From  the  Presbyterian  Hospital  and  tlie  laboratories  of  the  Depart- 
ment of  Surgery,  College  of  Physicians  and  Surgeons.  CoIuml)ia  University. 

1.  Kussmaul,  A.:    Deutsch.  Arch.  f.  klin.  Med.  6,  1869. 

2.  Bouveret  and  Devie:    Rev.  de  med.  12:48.  189J. 

3.  Mayo-Robson.  A.  \V. :     Lancet  2:1392.  1898. 

4.  Germain   See,  quoted  by   ^fayo-Robson  and   Moynihan   (Foo'note  5). 


tlisturbance  was  a  reflex  arising  from  a  dilatcU  aiul  hyporirritabU 
stomach. 

In  many  cases  there  is  undoubtedly  considerable  dehydration,  as 
evidenced  by  thirst,  oliguria,  loss  of  tissue  turgor,  dry  tongue  and 
increased  projwrtion  of  cellular  elements  in  the  blood ;  but  that  desicca- 
tion is  not  the  cause  of  the  tetany  is  shown  by  the  fact  that  experimental 
tetany  develops  after  pyloric  occlusion,  in  the  absence  of  any  apparent 
thirst  and  without  a  change  in  the  normal  ratio  of  cells  to  plasma.  The 
fluid  balance  is  easily  maintained  by  introducing  water  into  the  duode- 
num, i.  e..  below  the  obstruction. 

As  regards  autointoxication,  one  receives  a  contrary  impression  in 
reviewing  clinical  case  histories,  namely,  that  the  emptying  of  the  stom- 
ach either  through  persistent  vomiting  or  by  frequent  gastric  lavage  is 
a  significant  factor  in  the  production  of  tetany.  MacCallum  found  that 
tetany  could  be  rajjidly  initiated  after  experimental  pyloric  occlusion 
in  dogs  by  frequent  washings,  and  in  our  experiments  the  most  marked 
example  of  tetany  developed  in  a  dog  whose  stomach  was  thoroughly 
lavaged  two  or  three  times  a  day.  In  the  face  of  this  evidence,  it  does 
not  seem  that  the  absorption  of  stagnating  stomach  contents  could  be 
the  cause  of  tetany,  since  the  latter  condition  developed  when  there  was 
no  stagnation.  In  fact,  it  would  seem  that  the  expulsion  of  stomach 
contents  rather  than  their  introception  precijjitated  the  seizures.  More- 
over, there  is  normally  little  absorption  from  the  stomach.  In  many  of 
the  cases  in  human  beings  little  food  was  taken,  and  in  all  cases  of 
dogs,  no  food  was  taken;  so  that  the  absorption  of  products  from  the 
fermentation  and  putrefaction  of  exogenous  substances  can  be  elim- 
inated as  a  factor.  Mayo-Robson's  autointoxication  theory  is  possible 
only  on  the  assumption  of  vascular  absorption  of  poisonous  products 
from  a  stomach  wall  showing  no  signs  of  a  gross  or  microscopic  patho- 
Irtgic  condition,  the  inner  lining  of  which  is  being  regularly  irrigated. 
The  reflex  theory  has  no  direct  experimental  evidence  to  substantiate  it 
and  seems  to  have  few  advocates  among  modern  surgeons. 

These  views  were  presented  at  a  time  when  experimental  methods 
of  a  certain  type  were  crude  and  speculation  was  rife.  It  seems  hardly 
necessary  at  present  to  subject  them  to  more  detailed  and  analytic 
scrutiny.^ 


5,  I  have  been  unable  to  find  any  recent  or  comprehensive  accounts  of  gastric 
tetany.  For  a  short  general  description  of  the  symptoms,  course  and  treat- 
ment, the  reader  is  referred  to  Mayo-Robson  anrl  Moynihan  (Surgical 
Treatment  of  Diseases  of  the  Stomach.  Ed.  2.  New  York,  1904.  p.  408)  ;  for  a 
bibliography  and  a  discussion  of  the  experimental  work  and  the  theories  of 
etiology  to  Trcvelyan.  E.  F. :  Lancet  2:79,  1898;  Halliburton,  W.  D..  and 
McKendrick.  J.  S. :  Brit.  M.  J.  1:1007.  1901.  and  McKendrick,  J.  S. :  Scot  M. 
&  S.  J.  21:253.  1907;  and  for  clinical  reports  to  Cunriinjs'ham,  J.  H.  Ann.  Surg. 
39:527.  1904;  Brown,  J.  Y..  and  Engelbach,  W. :  .Am.  T.  Obst.  58:970,  1908, 
and  Rodman,  W.  L. :    Gastric  Tetany,  J.  A.  M.  A.  62:590   (Feb.  21)    1914. 


EXPERIMENTAL     WORK     A.\D     THEORETICAL     CCNSIDERATIOXS 

The  original  impetus  to  the  study  of  tetany  from  the  standpoint 
of  the  acid-base  equihbrium  was  given  by  Wilson  and  his  co-workers,« 
who  investigated  the  form  which  follows  parathyroidectomy.  Mac'- 
Calluni'  first  studied  chemical  changes  after  pyloric  occlusion,  and 
discovered  that  there  was  a  marked  rise  in  the  carbon  dioxid  capacity 
of  the  blood  after  this  operation.  This  work,  together  with  the 
investigations  of  :^IcCann  «  and  some  performed  in  the  surgical  research 
laboratories  of  this  college,^  constitutes  the  only  experimental  work 
published  on  the  subject  within  recent  years.  There  were  no  important 
disagreements  in  data.  The  results  indicated  that,  after  pyloric  occlusion 
m  dogs,  there  was  a  rapid  and  marked  increase  in  the  carbon  dioxid 
capacity,  and  a  significant  fall  in  the  concentration  of  chlorids  in  the 
plasma.  The  calcium  and  the  sodium  content  of  the  blood  was  not 
thoroughly  investigated,  but  the  few  tests  made  seemed  to  show  a 
slight  rise  in  calcium  and  a  fall  in  sodium.  Some  support  for  the  high 
calcium  values  has  been  presented  in  a  recent  clinical  report  bv  Grant, ^'^ . 
and  for  the  subnormal  sodium  figures  by  the  analyses  of  Tisdall"* 
A  definite  rise  in  sulphur  and  phosphorus  was  found.  In  our  series  of 
experiments,  there  was  a  moderate  increase  in  />„  as  measured  electro- 
metrically  in  three  out  of  four  dogs,  a  change  which  was  considered 
too  small  to  account  for  the  nervous  hyperirritability. 

With  the  above  mentioned  findings  at  hand,  we  were  inclined  to 
believe  that  the  increased  irritability  was  the  result  of  a  disturbance 
in  the  relative  concentration  of  anions,  i.  e.,  decrease  of  chlorid,  and 
increase  in  carbonate,  phosphate  and  sulphate  ions,  rather  than  a  change 
in  hydrogen  concentration.  The  elYect  of  anions  of  different  valences 
on  the  colloidal  state  has  been  studied  by  biochemists,  and  was  found 
significant  in  numerous  instances.  MacCallum  called  attention  to  the 
low  chlorid  concentration  as  a  possible  etiologic  factor  when  he  found 
that  sodium  chlorid  was  more  effective  than  hydrogen  chlorid  in  pre- 
venting canine  gastric  tetany.  Collip,'-  and  later  Tisdall,"  emphasized 
the  efifect  of  an  increased  concentration  of  "  liCOg  ions,  ami  Circen- 

6.  Wilson,  D.  \V. ;  Stearns,  T.,  and  Janney.  J.  H. :  J.  Biol.  Chom.  21:169. 
1915.  Wilson,  D.  W. ;  Stearns,  T.,  and  Thurlow,  M.  ileG. :  J.  Biol.  Chem.  23:89. 
1915. 

7.  MacCallum,  W.  G. ;  Lintz,  J.;  \'crinilyc,  H.  X.;  Leggctt.  T..  and  Bons, 
E.:    Bull.  Johns  Hopkins  Hosp.  31:1  (Jan.)  1920. 

8.  McCann,  W.  S. :    J.  Biol.  Chem.  35:553  (Sept.)   1918. 

9.  Hastings,  A.  B.;  Murray,  C.  D.,  and  ^ru^^ay,  H.  A.,  Jr.:  Biol.  Chem. 
46:223  (March)    1921. 

10.  Grant.  S.  B. :     Tetany,  .Arch.  Int.  Med.  30:355   (Sept.)    1922. 

11.  Tisdall,  F.  F.:     J.  Biol.  Chem.  54:35   (Sept.)   1922. 

12.  Collip,  J.   B.:     .-Xm.  J.   Physiol.   52:483    (July)    1920. 


Nx-ald.*^  in  a  suinniarv  oi  existing  hypotheses,  stressetl  the  anion  equi- 
librium to  which  he  assigned  a  control  over  the  pernieahihty  of  the 
nerve  sheatli  to  the  cations. 

More  definite  and  api^Hcahle  data  is  avaihdile  dealing  with  calicms, 
particularly  the  effect  oi  changes  in  the  sodium :  calcium  ratio  on  the 
irritability  of  nerves.'^  The  increase  of  the  ratio,  i.  e.,  the  relative 
increase  in  the  concentration  of  the  sodium  was  found  to  increase  the 
irritability  of  nerve  tissue;  whereas,  the  addition  of  calcium  wmild 
depress  it.  The  importance  of  this  ratio,  or,  more  generally,  the 
monovalent  cation:  di\alent  cation  ratio,  was  affirmed  bv  Fuhner,^'  and 
later  reemphasized.'"  This  \iew  seems  to  he  supported  by  the  studies 
of  tetany  following  parathyroidectomy,^"  and  of  idioi)athic  infantile 
tetany. ^^  and  by  e.\i)erimental  infusions  of  sodium  salts  in  dogs,^''  the 
injection  of  calcium  precipitants -"  and  the  results  of  too  \'igor(nis  saline 
or  bicarbonate  therapy  in  human  beings,"'  intravenously '--  or  by 
rectum.-^ 

But  it  is  evident  that,  by  the  injection  of  sodium  bicarbonate  and 
sodium  phosphate,  salts  that  have  been  used  most  frequently  in  ex])eri- 
ments,  not  only  is  the  sodium  increased  and  calcium  decreased,  more 
than  can  be  accounted  for  in  the  blood  by  mere  dilution,  but  also  there 
are  added  alkaline  factors  which  may  be  sufticient  to  increase  the  /^n 
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of  the  hlooil  and  thus  affect  nerve  irritability.  There  is  evidence  to 
sliow  that  nervous  irritabihty  is  a  function  of  the  hydrion  concentration 
and  that  increasing  the  />„  may  cause  tetany.  The  most  substantial 
proof  is  afforded  by  the  valuable  studies  of  Grant  and  Goldman,-^  who 
showed  that  tetany  could  be  produced  exj^erimentally  in  man  bv  forced 
breathing.  The  disturbance  in  the  acid-base  equilibrium  which  was 
probably  responsible  for  the  neuromuscular  irritability  was  evidently 
caused  by  the  rapid  expirations  by  which  carbon  dioxid  was  thrown 
oft'.  This  diminished  the  carbonic  acid  in  the  plasma  and  disturbed 
the  usual  ratio  of  free  carbon  dioxid  :  combined  carbon  dioxid  on  which 
the  hydrogen-ion  concentration  of  the  blood  depends.  The  changes  noted 
as  a  result  of  hyperpnea  were  an  increase  in  pu,  a  fall  in  plasma  and 
alveolar  carbon  dioxid,  and  a  cloudy  alkaline  urine,  with  a  decrease  in 
ammonia  and  titratable  acid.  Some  of  these  results  confirm  earlier 
investigations.^'^ 

W  e  have  laid  emphasis  heretofore  on  ionic  equilibrium  other  than 
the  hydrogen  ion :  hydroxid  ion  ratio,  because,  in  the  instance  of  para- 
thyroid tetany,  the  concentration  of  calcium  was  markedly  decreased, 
whereas,  the  acid-base  equilibrium,  as  detennined  by  hydrogen-ion 
potentiometer  readings  and  by  estimations  of  the  plasma  content  and 
capacity  of  carbon  dioxid,  was  not  essentially  disturbed;  -"  and  because, 
in  gastric  tetany,  the  normal  relationship  of  anions  was  deranged,  and 
the  noted  rise  in  pn  we  erroneously  believed  to  be  insignificant."  The 
findings  in  parathyroidectomized  dogs  need  reinvestigation.  MacCallum' 
and  Togawa  -'  got  results  very  similar  to  our  carbon  dioxid  values ; 
whereas  McCann '*  foimd  a  high  carbon  dioxid  capacity  after  ojieration, 
and  Howland  and  Marriott,-"*  using  the  rather  inaccurate  dialysis- 
indicator  method,  corroborated  our  pn  findings,  but  Wilson's  -"  con- 
clusions were  at  variance.  Wilson  developed  the  alkalosis  theory  after 
measuring  the  equilibrium  constant  of  oxyhemogUibin  (i.  e.,  Barcroft's 
/\ ,  the  index  of  the  oxygen  capacity  of  hemoglobin  solutions  and  a  func- 
tion of  the  hydrogen-ion  concentration^").  It  was  found  that  after 
])arathyroidectomy,  the  value  of  K  rose.  Wilson's  results  seemed  to 
be  fairly  consistent,  but  the  possibility  was  not  ruled  out  that  the  marked 
disturbance  of  electrolytes  which  has  been  shown  to  occur  after  para- 
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tlivroidectcniy  might  accttunt  for  the  increased  K.  l\  is  known  that  the 
sah  concentration  intinences  the  affinity  of  henioglohin  for  oxvgen.^^ 

There  is  another  Hne  of  thuu.ulii  wliich  harmonizes  the  two  latter 
views  onthned  above.  As  the  concentration  of  free  cations,  which  is 
the  resnlt  of  the  dissociation  of  tlie  varions  electrolytes  and  salt- 
protein  coni|x»unds  in  the  hlood.  has  been  found  in  simpler  colloidal 
svstenis  to  be  a  function  of  the  hydroyen-ion  concentration,  the  hypo- 
thesis states  that  a  shift  in  pu  of  the  plasma  may  disturb  the  sodium: 
calcium  ratio.  This  theory  was  suggested  by  Collip  •'-  in  1920,  but 
without  proof.  It  is  known  that  lowering  the  pu  tends  to  release  basic 
ions  from  combination  with  amphoteric  substances  such  as  proteins. ^^ 
This  phenomenon  is  turned  to  account  in  (luantitative  methods  of 
analysis  for  calcium  and  sodium  in  the  ])lasnia.  The  blood  is  strongly 
acidified  when  the  proteins  are  i)reci])itated,  so  that  the  ions  will  be 
freed  and  appear  in  the  clear  hltrate.  .Vs  regards  dialysis,  calcium  ions 
seem  to  be  different  from  others  (sodium,  potassium,  etc.)  in  the  blood, 
as  there  is  a  certain  fraction  which  will  not  pass  out  of  collodion  sacs 
immersed  in  distilled  water,  and  is  always  found  in  the  residue,  possibly 
insejxirably  linked  with  protein.'"  In  1913,  Rona  and  Takahashi  ^'' 
presented  evidence  on  the  basis  of  dialysis  experiments  with  serum  to 
show  that  increasing  the  hydrogen-ion  concentration  would  augment 
the  percentage  of  calcium  ions  in  the  dialysate.  They  insisted  on  the 
constancy  of  the  equation  [Ca]  =-j^^^  for  blood  serum.  This  view 
was  reaffirmed  by  Brinkman,^*^  and  apparently  substantiated  by  the  work 
of  Freudenberg  and  Gyorgy,^'  who  were  led  to  believe  that  a  rise  in  pn 
is  accompanied  by  the  abstraction  of  calcium  ions  by  serum  proteins, 
their  concentration  lieing  thus  diminished  in  the  fluid  surrounding 
living  tissue.  As  no  determinations  of  the  comjxirative  degree  of  sodium 
abstraction  were  made,  nothing  can  be  .said  about  the  sodium  :  calcium 
ratio.  A  question  to  be  solved  is :  Does  an  increase  in  pn  cause  ])roteins 
to  combine  with  calcium  to  a  jjrojjortionately  greater  degree  than  with 
sodium? 

The  concentration  of  active,  i.  e.,  free,  dissociated  ions  in  a  com])lex 
sy.stem  such  as  the  blood  can  be  determined  only  by  direct  measure- 
ments.    An  accurate  value  for  the  sodium   :  calcium  ratio  in  any  given 
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case  can  be  obtained  in  no  other  way.  An  electrometric  method  of 
measurement,  similar  in  principle  to  that  used  for  hydrogen  determina- 
tions, which  makes  use  of  sodium  and  calcium  amalgam  electrodes  has 
recently  been  introduced  by  Xewhausen  and  Marshall.^^  These  investi- 
gators found  that  sodium  ions  and  chlorid  ions  are  present  in  the  serum 
in  approximately  the  same  state  of  dissociation  and  activity  as  they  are 
in  a  simple  aqueous  solution  of  sodium  chlorid  and  that  when  the 
pressure  of  carbon  dioxid  is  varied  from  0  to  44  mm.  of  mercury,  the 
concentration  of  free  sodium  ions  rises  from  1  to  2  per  cent,  at  most. 
This  result  was  interpreted  by  Neuhausen  and  Marshall  to  mean  that 
the  amount  of  sodium  normally  bound  to  protein,  and  freed,  by 
increasing  the  acidity  of  the  medium,  is  minimal.  Determinations  of 
calcium  ion  activity  were  less  satisfactory,  owing  to  difficulty  with  a 
very  reactive  amalgam  electrode;  but  the  results  indicated  that  only 
about  10  per  cent,  of  the  calcium  in  serum  is  dissociated. 

These  conclusions  seem  to  confirm  the  work  of  the  German  ])hy: 
siologists.  However,  there  are  these  serious  objections  to  accepting  their 
conclusions:  1.  The  formula  on  which  their  theoretical  considerations 
are  based,  namely,  [Ca]  =7hFoT  ^^  °"^-  ^^^^^  ^°^  '^  saturated  solution 
of  calcium  carbonate,  and  therefore  probably  cannot  be  applied  to 
plasma.  2.  More  recent  researches  to  detect  a  change  of  dialy sable 
calcium  with  varying  carbon  dioxid  tensions  ga\e  negative  results.^'' 
3.  The  assumption  that  proteins  combine  more  readily  with  calcium 
than  with  sodium  has  no  experimental  basis.  4.  The  assertion  on  which 
the  entire  theory  depends,  namely,  that  increasing  l)ase-proteinates 
decreases  free  calcium  ions,  is  probably  incorrect,  since  proteins  ionize 
freely. 

The  foregoing  paragraphs  abstract  in  bare  outline  various  researches 
which  are  relevant  to  the  question  of  the  etiology  of  tetany  from  the 
standpoint  of  the  relative  concentration  of  various  electrolytes  and  the 
acid-base  equilibrium  in  the  blood.  The  significance  of  the  anions 
(C1-,  HCO3-,  HPO,-,  etc.)  of  the  cations  (Ca.  Na.  K.  etc.)  and  of 
the  pH  has  been  discussed.  Our  results  and  their  bearing  on  the  theories 
summarized  will  be  reviewed  after  presentation  of  the  case  histories. 

It  is  not  to  be  thought  that  all  possible  hypotheses  to  explain  this  or 
other  forms  of  tetany  have  been  included.  There  are  exhaustive  investi- 
gations of  experimental  parathyroid  tetany  which  point  to  the  accumu- 
lation of  large  amounts  of  some  toxic  compound  of  nitrogen,  believed 
to  be  methyl  guanidin,  as  a  cause,  or  at  least  an  accompaniment,  of 
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tetany.*"  Tliese  findings  liave  been  verified  in  a  few  cases  of  infantile 
tetany/'  and  adult  idiopathic  tetany.''-  As  no  stndies  have  Ihxmi  made 
along  these  lines  in  gastrin  tetany,  speculation  at  this  time  is  idle.  How- 
ever, the  fact  that  the  injection  of  methyl  guanidin  will  cause  the  calcium 
concentration  of  the  blood  to  fall  and  tetany  to  ensue  is  of  interest  as 
pointing  to  a  possible  relationship  between  pu,  calcium  activity  and 
guanidin  metabolism." 

In  our  dogs,  no  convulsions  in  any  way  compared  to  the  tetanic 
seizures  after  parathyroidectomy  develoj^ed.  and  there  was  dduht  at 
first  that  the  condition  known  clinically  as  gastric  tetany  had  been 
reprctduced.  It  seems  to  us  probable  that  the  shivering,  fibrillary  twitch- 
ings,  muscle  spasms  and  clonic  contractions  which  occurred  to  a  greater 
or  less  extent  in  some  of  the  animals  on  which  nj^eration  was  performed 
represent  a  condition  comparable  to  tetany  in  huiiian  beings.  In  the 
first  place,  there  is  no  evident  reason  why  a  cnnulsion  should  be 
selected  as  determinative  of  whether  or  not  tetany  is  ])rescnt  in  a  dog; 
in  fact,  the  spasms  of  the  fdrelegs  and  feet  which  frccjucntly  come  on 
after  pyloric  occlusion  resemble  the  carpopedal  spasms  of  human  tetany 
more  closely  than  the  generalized  convulsions  seen  after  parathyroid- 
ectomy. Secondly,  MacCallum  tested  the  electrical  irrita])ility  of  the 
nerves  after  pyloric  occlusion  and  found  it  markedly  increased  ;  i)ar- 
ticularly  was  the  current  necessary  to  produce  a  contraction  with 
cathodal  opening  much  diminished.  This  has  been  generally  regarded 
as  the  most  reliable  test  for  tetany.  Finally,  in  the  cases  to  be  reported, 
the  dogs  that  developed  unmistakable  clinical  tetany  showed  the  same 
blood  changes  as  the  dog^  th.it  crave  the  above  mentioned  signs  of 
hyperirritability. 

It  is  concluded,  then,  that  tetany  can  he  produced  in  dogs  by 
obstructing  the  pylorus ;  and  that  the  o])eration  causes  certain  chemical 
changes  in  the  blood:  (1)  a  rise  in  the  carbon  dioxid  cajiacity  ol  the 
pla.sma;  (2)  a  fall  in  the  chlorid  content  of  whole  blood  and  plasma; 
(3)  an  increased  concentration  of  ijhosph(jrus  and  sulj)hur,  and  (4)  a 
slight  rise  in  pH.  The  few  blood  analyses  made  for  sodium  and  calcium 
were  not  decisive  or  consistent  enough  to  be  reported  with  any 
assurance. 
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In  the  cases  **  studied,  interest  was  centered  on  the  carbon  (hoxid  and 
chloric!  concentrations  of  the  blood.  Subjects  with  a  carbon  dioxid 
tension  of  70  per  cent,  by  volume  or  over,  or  with  a  chlorid  concentra- 
tion below  5.5  gm.  per  liter  for  plasma  or  4.3  gm.  per  liter  for  whole 
blood,  were  considered  abnormal,  and  so  were  included  in  the  group. 
The  urea  estimations  were  made  routinely  at  first,  but  later,  when  these 
appeared  to  be  invariably  high,  interest  was  aroused  and,  in  a  few  cases, 
the  other  nitrogen  fractions  were  also  determined.  The  urea,  uric  acid 
and  creatinin  of  the  blood  have  been  shown  to  be  increased  in  cases  of 
acute  intestinal  obstruction,  but  no  study  has  been  made  of  these  sub- 
stances after  pvloric  occlusion.  Parts  of  the  histories  have  been  omitted 
as  inconsequential  to  the  main  subject. 

REP(  RT     OF     CASES  ■*' 

Case  l.—Hiitory.—P.  K.,  aged  71  years,  Irish,  a  retired  policeman,  adm-.ted. 
Feb.  8.  1922.  ---mplained  of  persistent  vomiting  of  from  three  to  four  weeks' 
duration.  At  first,  the  vomiting  followed  taking  of  food,  but  later  it  became 
almost  incessant,  in  small  amounts  at  a  time.  On  three  occasions,  he  had 
abdominal  pain  localized  in  the  left  epigastrium;  in  each  instance,  it  was  du'.r. 
did  not  radiate  and  came  on  after  eating.  He  was  very  constipated,  the  bowels 
moving  only  after  salts  were  given,  and  then  variably  (patient  thought  about 
six  times  in  the  preceding  three  weeks).  The  urine  had  become  scanty.  The 
patient  was  alwavs  thirsty  and  at  times  hungry,  but  he  could  retain  nothing. 
During  the  last  year,  he  had  lost  about  80  pounds  (36.3  kg.).  Cardiac,  respira- 
tory, genito-urinary  and  nervous  histories  were  essentially  negative. 

Eramiiiation.— The  patient  was  a  dyspneic,  cyanotic,  emaciated  man  of  dull 
mentality,  evidently  acutely  ill.  Loss  of  subcutaneous  fat,  emaciation,  diminu- 
tion of  tissue  turgor  and  signs  of  dehydration,  were  evident.  There  was  a 
feeble  pulse  and  distant  heart  sounds.  The  apex  beat  was  not  felt,  and  the 
borders  could  not  be  percussed  with  surety  on  account  of  an  overlying  hyper- 
resonant  lung.  The  patient  had  a  barrel-shaped  chest  with  prominent  Hanng 
costal  margins,  and  prolonged  expirations  indicated  emphysema.  There  were 
rales  at  both  bases.  The  abdomen  was  flat.  There  was  no  distention  and  no 
gas  The  abdominal  wall  was  quite  thick,  but  a  mass  seemed  to  be  just  palpable 
in  the  left  epigastrium.     Carcinoma  of  the  stomach  with  stenosis  ot  the  pylorus 

was  diagnosed.  .      .         .-,  i        -ri  .   r^ 

Februarv  8-  The  arterial  sounds  were  practically  inaudible.  The  systolir 
pressure  seemed  to  be  between  70  and  95.  The  diastolic  pressure  was  not 
obtained.  The  plasma  carbon  dioxid  capacity  was  68.1  per  cent,  by  volume.  The 
vomitus  and  stool  gave  positive  guaiac  reactions  for  blood.  The  patient  was 
given  a  glucose  infusion  (3.000  c.c). 

44.  With  one  exception,  the  patients  mchuled  in  this  i^'^;^^\'''l''  ''l^'.''^  "^ 
the  surgical  wards  of  the  Presbyterian  Hospital.  I  wish  to  thank  Pro f  Allen  O. 
Whipple  for  his  direction  and  encouragement.  Most  of  the  chemical  analyses 
were  made  by  Miss  Chudnoff  and  Miss  Kurland  in  the  laboratories  .f  the 
Hospital.     Dr.  Baumann  initiated  investigation  in  several  cases  and  gave  much 

nractical  assistance.  .      ^     •         t       r- 

'45.  A  short  summary  of  the  series  was  read  before  the  Society  for  Experi- 
mental Biology  and  Medicine.  Proc.  Soc.  Exper.  Biol.  &  Med.  19:2/3,  1922. 


«5 

:-3     = 

a  o  o  i  S 

o  i  "  O  M 

^3    1^ 

=^0 

Tetany; 
Clivostek 

and 

Trousseau 

signs 

^ 

i 

5-    3-=^;: 


.-'1 

"SCO 


^ 

*l 

,,• 

■^  ^ 

•"*  Ti 

;: 

? 

■.\£ 

0 

tt 

-^ 

•^ 

_ 

.  ^^ 

C-l 

t= 

00   I  i:  C  cnoo 


T      00      aj 


I  3S 


X 

(f"S 

' 

]"s^ 

S" 


I  § 


0  =  9 
Si's  .2 

00  cc  o 


-to 


•-  £ 


« 


5o2 


^  a 

•r-'a 


5  ^ 


llll' 


£  C  S 


T^ 


;  M  L-^  !>. 

■  a  in  e4 


-  ^  c 
060 


O      a 


00 


3 


«  p  a 

a  3  a 
5a« 


3*j  O 


8SS:5 


a=Sa 

Co      a 


its.'. 


a  S  c  « 

g  o  £:  o 


a-a 


&1= 

S  *  a 
a  £2" 

tOiA 


'E      ?       >> 

•C  "  «  a  i3 
I.  t.H  OT'O 

o  a  —  •=  c 
4^  u  s  M  a 
m  x: .— ,,  o 


X  ^  eft  *^  '-' 

5-';:  c  a  " 


£  Pt3 

^  '{i  o 

I.  4*  *> 

Jr  *  iH 


.  c  0.0 


~-r  o 
asg 


11 

February  9 :  Blood  examination  showed :  hemoglobin,  95  per  cent. ;  red  blood 
count,  6,560,000;  white  blood  count,  23,800;  polymorphonuclears.  86  per  cent. 
A  glucose  hypodermoclysis  (5,500  c.c.)  was  given  through  six  needles  simul- 
taneously. Roentgen-ray  examination  of  the  stomach  after  a  barium  sulphate 
meal  showed  complete  obstruction,  with  no  peristaltic  waves  evident.  The 
lesser  curvature  showed  an  irregular  outline.    The  pylorus  did  not  fill. 

February  10:  The  blood  pressure  was  72  systolic,  34  diastolic.  The  plasma 
carbon  dioxid  capacity  was  70  per  cent,  by  volume ;  the  whole  blood  chlorids 
amounted  to  4.34  gm.  per  liter;  the  nonprotein  nitrogen  was  1.33  gm.  per  liter, 
and  urea  to  1.52  gm.  per  liter.  The  Wassermann  test  was  negative  with  both 
antigens. 

February  13 :  Since  entrance,  the  patient  had  been  almost  semicomatose, 
with  a  few  lucid  moments  and  occasional  periods  of  restlessness  and  irrational- 
it3\'  He  was  incontinent,  so  it  had  not  been  possible  to  collect  urine  specimens 
previously.  The  reaction  of  the  specimen  obtained  was  neutral.  There  were  no 
casts  and  no  albumin.  The  plasma  carbon  dioxid  capacity  was  23.4  per  cent, 
by  volume. 

During  the  last  three  days,  the  patient  was  given  hypodermoclyses  to  main- 
tain his  fluid  intake.  Gastric  lavage  was  carried  out  several  times,  food  and 
barium  sulphate  ingested  three  or  more  days  previously  being  recovered. 
Despite  colonic  irrigations,  enemas  and  administration  of  cathartics  througlr 
the  stomach  tube,  complete  obstipation  persisted.  There  were  no  signs  of 
intestinal  contents  in  the  returns  from  gastric  lavage,  and  there  was  no 
abdominal  distention,  so  that  it  seemed  fair  to  assume  that  there  was  a  prac- 
tically complete  obstruction  at  the  pylorus. 

February  14:  The  plasma  carbon  dioxid  capacity  was  21 J  per  cent,  by 
volume.  The  urine  was  again  neutral,  showing  no  casts  and  no  albumin.  A 
large  abscess,  apparently  from  a  tooth,  developed  in  the  submaxillary  region 
on  the  left  side.  Vomiting  became  incessant.  Operation  was  considered  inad- 
visable because  of  the  manifold  complications  and  patient's  poor  general  condi- 
tion, efforts  to  improve  which  had  been  unavailing;  and  because  it  seemed 
almost  certain  that  there  was  present  an  incurable  carcinoma  of  the  stomach. 

February  16 :    The  patient  died.    Necropsy  was  refused. 

In.  this  case,  although  there  was  no  verifying  operation  or  necropsy, 
pyloric  obstruction  seemed  certain,  probably  due  to  carcinoma.  .\s  in 
the  other  cases,  the  carbon  dioxid  capacity  and  the  concentration  of  the 
protein  metabolites  were  increased  in  the  blood.  The  chlorids  were  a 
little  low  despite  the  fact  that,  the  previous  day,  the  patient  had  received 
over  5  liters  of  sodium  chlorid,  subcutaneously.  Near  the  end  of  the 
illness,  the  carbon  dioxid  content  changed  rather  suddenly  from  a  high 
to  a  low  figure,  possibly  owing  to  a  terminal  nephritis  with  acidosis. 
This  sudden  reversal  of  an  abnormality  in  blood  reaction  was  noticed  in 
two  of  our  dogs  at  the  approach  of  death.  Owing  to  the  patient's 
incontinence,  frequent  tests  could  not  be  made  of  the  urine,  but  the 
two  specimens  examined  were  neutral  in  reaction  and  were  negative  for 
albumin  and  casts.    No  symptoms  of  tetany  developed. 

C.\SE  2.— History.— M.  S.,  aged  52  years,  an  American  housewife,  entered  the 
hospital,  July  23,  1921,  complaining  of  vomiting  continuing  over  a  period  of  four 
months.     Up  to   six   months   previously    the   patient   said,   she  had   been   quite 
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well.  Suddenly  one  morning,  witlunit  any  apparent  cause,  slio  liecanie  nauseated 
and  vomited  her  breakfast.  She  had  no  more  trouble  tor  a  month,  and  tlun 
suffered  a  similar  attack.  There  was  an  accompanying  sense  of  pressure  m  tlu 
epigastrium,  but  no  real  pain.  The  patient  said  that,  for  tlie  four  months 
previous  to  admission,  these  periodic  attacks  of  nausea  and  vomiting  had  lieen 
increasing  in  frequency.  She  often  vomited  food  whicli  she  had  eaten  twoiitv - 
four  hours  previously.  For  a  week  before  examination,  she  liad  vomited  every 
day.  \'omiting  relieved  the  sense  of  fulness  at  first,  and  later  tlie  chill,  twisting 
pain  which,  occasionally  developed.  If  she  did  not  eat,  she  did  not  suffer. 
The  pain,  although  not  severe,  became  contiinious,  and  she  entered  the  hosi)ital 
in  a  very  weakened  condition.  She  had  noticed  "bunches  in  the  upper  abdomen" 
moving  across  from  left  to  right.  She  became  more  and  more  constipated. 
There  had  been  a  loss  of  from  20  to  30  pounds  (9  to  13.5  kg.)  in  weight.  The 
past  history  did  not  have  any  apparent  bearing  on  the  present  condition. 
Family  and  personal  histories  were  irrelevant. 

Exatninatioii. — The  patient  was  of  poor  physique,  with  evidences  of  loss 
of  flesh.  The  sclera  and  cornea  of  the  right  eye  were  scarred,  and  the  patient 
was  blind  in  this  eye  (old  injury).  Carious  teeth;  coated  tongue,  with  fine 
tremor,  and  easily  palpable  and  tortuous  arterial  walls  were  noted.  Abdominal 
examination  disclosed  a  narrow  costal  angle,  a  sense  of  a  mass  near  the  midline, 
a  slow  peristaltic  wave  moving  from  left  to  right  in  the  umbilical  region,  and 
kidneys  palpable  on  both  sides.  The  opinion  on  entrance  was  that  the  patient 
was  suffering  from  chronic  ileus,  which  was  probably  caused  by  a  malignant 
growth  of  the  colon.  Examination  of  the  blood  revealed :  blood  urea,  58  mg. 
per  hundred  cubic  centimeters ;  uric  acid,  3.1  mg.  per  hundred  cubic  centimeters  ; 
chlorids,  3.75  gm.  per  liter  and  carbon  dioxid,  67.1  per  cent,  by  volume.  Four 
days  later,  the  blood  urea  was  54  mg.  per  hundred  cubic  centimeters  ;  clilorids 
were  3.5  gm.  per  liter,  and  carbon  dioxid  capacity  was  63.6  per  cent,  by  volume. 
The  blood  Wassermann  reaction  was  H — h  +  +  with  l)oth  antigens  on  two 
examinations.  The  spinal  fluid  Wassermann  reaction  was  negative.  The  rocnt- 
gcn-ray  examination  of  the  gastro-intestinal  tract,  six  hours  after  a  barium 
sulphate  meal,  showed  a  large  atonic  stomach  without  evidence  of  peristalsis. 
The  duodenum,  which  seemed  to  be  fixed,  was  deflected  to  the  right ;  twenty- 
four  hours  after  eating,  the  largest  amount  of  the  meal  was  in  the  rectum; 
the  rest  was  in  the  cecum  and  splenic  flexure.  Roentgenograms  and  fluoroscopy 
of  the  colon  after  a  barium  sulphate  enema  did  not  reveal  any  aI)normalities. 

August  3:  The  analysis  of  a  specimen  of  vomitus  revealed  free  hydrochloric 
acid.  0;  total  hydrochloric  acid,  20  per  cent.  These  figures  were  confirmed  by 
examination  of  an  extracted  sample.  The  patient  underwent  lavage  frequently 
during  the  period  of  observation.  The  urine  was  always  acid  and  at  two  out 
of  four  examinations  showed  albumin  -f.  The  patient  received  two  infusions 
of  3  per  cent  sodium  chlorid  solution,  after  which  the  blood  chlorid  concentra- 
tion was  4.2  gm.  per  liter.  The  preoperative  diagnosis  was  difficult,  the  main 
points  being  CI)  age  C52  years);  (2)  a  history  of  four  months'  of  vomiting 
without  any  real  pain;  (3)  a  loss  of  from  20  to  30  pounds  (9  tf)  13.5  kg.); 
(4)  a  four  plus  Wassermann  reaction;  (5)  hypochlorcmia,  with  a  slightly 
elevated  carbon  dioxid;  (6)  roentgcn-ray  evidence  of  gastric  dilatation  and 
atony  with  pyloric  or  duodenal  obstruction;  (7)  marked  visible  peristalsis, 
which  was  believed  to  be  in  the  transverse  colon;  (8)  negative  roentgen-ray 
examination  of  the  colon. 

Operation  (Dr.  St.  John). — August  3:  Partial  cntercctomy  (jejunum),  was 
performed,   with   end   to   side   anastomosis.     When   the   abdominal    cavity   was 
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opened,  markedly  distended  and  thickened  loops  of  proximal  jejunum  presented. 
About  8  to  10  feet  below  the  duodenojejunal  angle,  there  was  a  pronounced 
constriction,  caused  by  dense  white  scar  tissue.  Below  this  constriction,  the 
intestines  were  shrunken  and  appeared  like  a  flattened  ribbon.  The  constricted 
portion  was  excised,  and  an  end  to  side  anastomosis  was  performed.  A  rubber 
tube  was  inserted  in  the  distended  jejunum  above  the  anastomosis  and  held 
with  a  purse  string  suture.  Microscopic  examination  of  the  specimen  revealed 
irregular  masses  of  atypical  glandular  cells.  Carcinoma  of  the  jejunum  was 
diagnosed. 

Coiirsc. — Recovery  was  rapid. 

August  4:     The  blood  chlorids  were  5.3  gm.  per  liter. 

August  5 :  The  blood  urea  was  82  mg.  per  hundred  cubic  centimeters  and 
the  chlorids  were  4.9  gm.  per  liter.  The  patient  was  apathetic  and  drowsy  but 
was  easily  aroused.    She  was  fed  with  glucose  solution  through  the  jejunal  tube. 

August  6:  The  blood  urea  was  80  mg.,  plasma  carbon  dioxid,  7i  per  cent. 
by  volume,  and  blood  sugar  1.35  gm.  per  liter. 

August  8 :  The  patient  was  still  stuporous.  An  enormous  discharge  occurred 
through  the  intestinal  tube,  which  was  then  removed  and  the  abdomen  exposed 
to  the  air  under  an  electric  bake.  The  patient  was  instructed  to  keep  the  skin 
clean  with  gauze.  The  blood  urea  was  2)7  mg.  per  hundred  cubic  centimeters  and 
plasma  carbon  dioxid,  71.1  per  cent,  by  volume.  The  patient  had  a  mild  jiost- 
operative  psychosis.  She  seemed  in  a  semistupor  and  spoke  only  in  a  whisper, 
with  words  run  together  in  a  monotone.  She  made  unusual  grimaces  and  showed 
the  "catatonic"  phenomenon  ;  i.  e.,  spastic  extremities  yielding  slowly  to  pres.sure 
and  remaining  as  placed. 

August  9 :     The  urine  was   alkaline  and   showed   a   faint  trace  of  albumin. 

August  12 :  The  blood  urea  was  40  mg.  per  hundred  cubic  centimeters,  the 
chlorids  were  4.8  gm.,  and  the  plasma  carbon  dioxid  was  50.4  per  cent,  by 
volume.  The  wound  was  dressed  every  day,  the  discharge  I)ecamc  gradually 
less  and  granulations  slowly  closed  the  sinus. 

September  10:  The  blood  urea  was  31  mg.  per  hundred  cubic  centimeters,  the 
chlorids  were  5.4  gm.  per  liter  and  the  carbon  dioxid  was  64.2  per  cent,  by 
volume.  In  five  out  of  seven  examinations  of  urine  after  operation,  the  reac- 
tion was  acid  and  tests  showed  albumin  twice. 

September  12:     The  patient  was  discharged,  improved. 

Thirteen  months  after  operation,  the  patient  was  seen  in  the  follow-up  clinic. 
She  looked  well  and  said  she  had  no  symptoms. 

The  preceding  case  is  an  interesting  one  for  a  ninnhcr  of  rea.sons,  all 
of  which  are  not  relevant  to  the  subject  matter  of  this  article.  From 
a  chemical  standpoint,  it  is  worthy  of  note  that  this  case  is  different 
not  only  as  regards  the  position  of  the  occlusion — it  is  the  only  case  of 
the  series  in  which  the  obstruction  was  not  at  the  pylorus — but  also 
as  regards  the  relative  change  in  bicarbonate  and  chlorids.  It  will  be 
noted  that,  although  the  chlorids  were  markedly  decreased  before  opera- 
tion, the  carbon  dioxid  was  not  elevated  beyond  a  high  normal.  The 
possibility  of  using  this  relationship  as  a  point  of  diagnosis  for  determin- 
ing the  location  of  the  obstruction  is  worth  considering.  In  otiicr 
words,  hypochlorcmia  will  be  found  in  all  cases  of  persistent  vomiting. 
but  alkalosis  will  be  present  only  when  there  is  a  greater  amount  of 
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acid  than  of  alkali  lost;  i.  c,  in  case  of  an  obstruction  near  the  pylorus. 
The  urine  was  for  the  most  part  acid,  and  only  occasionally  gave  a 
j>ositive  flame  test  for  albumin,  hut  the  urea  concentration  of  the  blood 
was  elevated.  It  may  be  significant  to  note  that,  in  this  case  as  well  as 
in  others,  the  urea  which  was  found  increased  before  operation  rose 
still  higher  for  a  few  days  after  Kpcratiim.  and  later  descended  to 
within  normal  limits. 

C.\SE  3. — History. — J.  S.,  aged  57  years,  an  Italian  laborer,  entered  the  hos- 
pital. March  23,  1921,  with  the  typical  signs  and  a  history  of  acute  appendicitis 
of  twenty-one  hours'  duration,  with  pain,  tentlerness,  spasm  and  a  mass  in  right 
lower  quadrant.     \'omiting  was  minimal. 

Operation. — At  the  emergency  operation  (appendicectomy  with  drainage),  a 
gangrenous  appendi.x,  with  localized  peritonitis  was  found.  The  anesthesia 
was  commenced  with  0.5  per  cent  procain,  but  after  the  peritoneal  cavity  was 
opened,  gas-oxygen  was  used. 

Course. — The  immediate  postoperative  recovery  was  satisfactory,  but  two 
days  later  the  patient  developed  distention  of  the  stomach. 

March  26:  Gastric  lavage  with  warm  5  per  cent,  sodium  bicarl)onate  solu- 
tion was  administered.  Later,  the  patient  received  1,0(X)  c.c.  of  10  per  cent. 
glucose,  intravenously.  During  the  next  four  days,  on  account  of  recurring 
dilatation  the  patient  was  given  lavage  seven  times.  In  that  time,  •  he  also 
received  five  glucose  infusions.  Moderate  amounts  of  turbid  fluid  and  much 
gas  were  recovered  at  each  lavage,  .^t  one  time,  Ij/j  ounces  of  castor  oil  was 
introduced  through  the  stomach  tulje,  with  the  hope  of  remedying  what  seemed 
to  be  a  general  atony  of  the  entire  gastro-intestinal  tract.  Enemas  and  colon 
irrigations  were  employed  for  the  same  purpose.  The  abdominal  wound  was 
treated  with  surgical  solution  of  chlorinated  soda  (Dakin's  solution),  accord- 
ing to  a  modified  Rulison  technic.     Drainage  seemed  to  be  adequate. 

April  1 :  The  patient  seemed  better.  There  was  no  distention  and  no 
vomiting.  The  last  gastric  lavage  had  brought  away  only  clear  fluid.  Blood 
analysis  revealed:  plasma  carbon  dioxid,  86.2  per  cent,  by  volume;  urea,  97 
mg.  per  hundred  cubic  centimeters;  creatinin,  1.8  mg.  per  hundred  cubic  centi- 
meters. Slight  twitchings  were  noted  in  the  extremities,  but  no  real  carpopedal 
spasms. 

April  2:  The  following  concentrations  were  determined  in  tlie  Mood:  plasma 

dioxid,  82  per  cent,  by  volume ;  urea,  80  mg.  per  hundred  cubic  centi- 

:  creatinin,   1.89  mg.  per  hundred  cubic  centimeters;   uric   acid,  8  mg. ; 

chlorid,  4.6  gm.  per   liter.     The  general   condition   of  the  patient  was 

the  same.     There  was  no  longer  occasion   for  gastric  lavage. 

April  3:  The  patient  had  four  bowel  movements.  He  seemed  to  be  much 
iK-tter.     The  wound  was  healing  satisfactorily. 

April  4:  Chemical  tests  showed:  plasma  carbon  dioxid,  82.4  per  cent,  by 
volume;  urea,  110  mg.  per  hundred  cubic  centimeters;  creatinin,  2.2  mg.  per 
hundred  cubic  centimeters;  uric  acid,  7.5  mg.,  and  plasma  chlorids,  4.5  gm. 
per  liter. 

April  5:  The  concentration  of  calcium  in  tiie  plasma  was  10  mg.  per  luniflred 
cubic  centimeters. 

April  6:  The  patient  did  not  appear  to  be  so  well.  He  seemed  unresponsive, 
tired  and  sleepy.  He  complained  of  anorexia  and  buzzing  in  the  cars.  Blood 
analysis  showed;  plasma,  76.6  per  cent,  by  volume;  urea,  40  mg.  per  hundred 
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cubic  centimeters ;  uric  acid,  2.6  mg.,  and  chlorids,  5.1  gm.  per  liter.  The 
urine  diminished  in  quantity.  The  urine  had  heen,  and  still  was,  consistently 
negative  except  on  one  occasion,  when  alliumin  and  casts  were  noted.  The 
reaction  was  always  acid.  The  next  day  the  patient  feh  much  Lett-'-  '^■■»- 
ever,  and  improved  rapidly  thereafter. 

April  8-9:  The  nitrogen  intake  was  approximately  9.3  gm.,  the  cx:reiicn 
14.42  gm. 

April  13 :  The  phenolsulphoncphthalein  test  showed  35  per  cent,  in  two 
hours. 

April  15:  There  was  an  unusually  large  urinary  output.  Xo  more  signs  of 
renal  insufficiency  developed. 

April  27:     The  patient  was  discharged,  improved. 

This  was  a  case  in  which,  in  the  cotn-se  of  convalescence  from  an 
operation  for  actite  appendicitis,  general  gastro-intestinal  paralysis 
developed.  It  was  most  conspicuous  in  the  stomach,  which  became 
recurrently  distended.  Lavages  were  regularly  resorted  to,  with  con- 
siderable temporary  relief.  About  one  week  after  operation,  chemical 
examination  of  the  blood  disclosed  that  the  carbon  dioxid,  urea  and  uric 
acid  concentrations  were  increased,  and  the  plasma  chlurids  were  stib- 
normal,  but  the  creatinin  content,  which  is  considered  by  some  the  most 
delicate  test  for  pathologic  conditions  in  the  kidney,  was  within  the 
usual  limits.  The  patient  did  not  ha\e  tetany.  l)ut  he  showed  the  hemic 
changes,  though  in  a  less  degree,  that  occurred  in  other  patients  who 
did  develojD  tetany.  It  is  impossible  to  separate  the  gastric  element  and 
the  possible  effect  of  the  paralytic  ileus.  We  should  be  incHned  to 
include  this  case  in  the  series  because  of  the  high  carbon  dioxid  (S6.2 
per  cent,  by  volume),  which  would  be  an  indication  that  hydrochloric 
acid  had  been  removed.  This  is  consistent  with  the  idea  that  there 
exists  in  gastric  dilatation  a  spasm  of  the  pylorus,  with  relaxation  of 
the  body.  Thus,  the  secreted  hydrochloric  acid,  becoming  stagnant  in 
a  dilated  stomach  instead  of  passing  on  into  the  intestines  for  rcabsorp- 
tion,  is  finally  lost  to  the  body  through  vomiting  or  by  gastric  lavage. 
The  interference  with  the  passage  of  hydrochloric  acid  limits  the  usual 
initiating  stimulus  to  pancreatic  secretion,  and  thus  the  abstraction  of 
hydroxyl  ions  from  the  blood  which  otherwise  would  compensate  for 
the  hydrogen  ions  lost.  Of  course,  we  cannot  feel  sure  that  this  view 
is  correct. 

Case  4.— History— T.  II.,  aged  60  years.  Irish,  a  nightwatchm.in.  entered  the 
hospital  May  27,  1921,  complaining  principally  of  persistent  vomiting  of  one 
month's 'duration.  He  said  that  ten  years  previously  he  hegan  suflfcrmg  from 
indigestion  in  the  form  of  epigastric  distress  after  meals,  helchmg  and  occa- 
sional vomiting.  He  had  always  been  constipated.  For  many  years  he  had 
indul-ed  regularly  in  alcohol.  During  the  previous  year,  he  had  been  bothered 
with  epigastric  pain,  which  was  relieved  somewhat  by  eating.  One  month  ago. 
while  on  his  beat,  he  suddenlv  vomited  many  times  after  an  attack  of  sudden 
severe  epigastric  pain.     Since  that  day.  he  had  been  unable  to  retam  anything 
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on his  stomach.  During  the  last  month,  he  had  lost  about  50  pounds  (12.7  kg.) 
in  weight.  The  family  history  was  of  no  importance.  There  was  a  history  of 
headaches,  dizziness  with  fainting,  failing  eyesight  and  precordial  pain.  The 
patient  said  that  he  had  a  chancre  thirty  years  previously.  The  urinary  history 
was  negative. 

E.iainination. — The  patient  was  a  large-framed,  corpulent  man  of  llurid  com- 
plexion. He  showed  loss  of  weight,  but  looked  healthy.  The  arteries  were 
tortuous.  There  was  a  transmitted  systolic  murmur  at  the  ape.x.  A  slight 
cyanotic  tinge  of  the  mucous  membranes  was  cvidont.  The  blood  prcsurc  was 
15S  systolic.  7-4  diastolic.  The  llvtr  edge  could  just  be  felt.  Otherwise,  the 
abdominal  examination  was  negative.  There  were  no  masses  and  no  points  of 
special  tenderness.  Ulcer  of  the  stomach  with  stenosis  of  the  pylorus  was 
diagnosed.  Roentgen-ray  examination,  six  hours  after  the  ingestion  of  barium 
sulphate,  showed  that  none  of  the  meal  had  passed  through  the  pylorus;  but 
the  twenty-four  hour  plate  showed  that  the  stomach  was  empty.  The  Wasser- 
mann  test  was  negative  with  both  antigens.  The  analysis  of  the  gastric  con- 
tents showed   free  hydrochloric  acid,  10  per  cent.,  and  total  acid,  35  per  cent. 

May  28:  The  patient  felt  quite  weak.  He  said  that  earlier  in  the  morn- 
ing he  had  had  spasms  in  his  fingers  so  that  he  could  not  straighten  them.  He 
was  given  an  infusion  of  physiologic  sodium  chlorid  solution.  Before  the 
infusion,  blood  tests  showed  plasma  carbon  dioxid  capacity,  80.6  per  cent  by 
volume;  plasma  chlorids,  4.7  gm.  per  liter;  plasma  phosphates,  5  mg.  per  hundred 
cubic  centimeters;  urea,  105  mg.  per  hundred  cubic  centimeters.  After  the  infu- 
sion, the  tests  showed:  plasma  carbon  dioxid  capacity,  80.6  per  cent,  by  volume; 
plasma  chlorids,  5.09  gm.  per  liter;  plasma  phosphates,  4.5  mg.  per  hundred 
cubic  centimeters;  urea,  101  mg.  per  hundred  cubic  centimeters.  The  urine  was 
acid  and  showed  no  albumin  and  no  casts.  Gastric  lavage  was  performed 
twice,  with  the  return  of  large  amounts  of  fluid  and  food  residue. 

May  29:  The  patient  was  given  a  gastric  lavage,  a  hypodermoclysis  and  an 
infusion  of  1.7  per  cent,  sodium  chlorid  solution  in  10  per  cent,  glucose.  Before 
the  infusion,  the  plasma  carbon  dioxid  was  76.8  per  cent,  by  volume.  .Vfier 
the  infusion,  it  was  73.0  per  cent,  by  volume. 

Of<cralioit. — May  30:  Exploratory  celiotomy,  with  posterior  gastro-eiiter- 
o-tomy  was  performed  by  Dr.  Whipple.  Examination  revealed  a  very  large 
indurated  mass  in  the  region  of  the  pylorus  adherent  to  the  pancreas  and  llie 
portal  fissure.  It  was  so  tightly  adherent  that  the  removal  of  it  was  con- 
sidered out  of  the  question  because  of  the  patient's  condition  and  the  danger 
to  vital  structures,  particularly  the  portal  vein.  There  did  not  appear  to  be 
any  hard  glands  indicative  of  carcinoma,  and  it  was  thought  best  to  perform 
only  a  posterior  gastro-enterostomy  to  relieve  obstruction.  Microscopic  exam- 
ination of  some  involved  tissue  from  near  the  site  of  the  ulcer  showed  no 
evidence  of  new  growth. 

""sc- — .Xfter  the  operation,  the  patient  was  very  sick  and  for  two  weeks 
■iownhill  steadily.     He  finally  recovered  in  a  dramatic  fashion.     He  was 
treated  by  daily  infusions  and  hypodermoclyses  to  maintain  normal   fluid  con- 
tent, and  by  gastric  lavages   for  distention,  vomiting  and  gastric  retention. 

May  31:  The  plasma  carbon  dioxirl  capacity  was  59.8  per  cent,  by  volume; 
plasma  chlorids  amounted  to  5.38  gm.  per  liter;  sugar,  1.17  gm.  per  liter; 
urea.  HO  mg.  per  hundred  cubic  centimeters.  The  patient  was  then  given  an 
infusion  n.OOOc.c.)  of  10  per  cent,  glucose.  The  blood  tests  were  then  repeated, 
shnwmg    plasma    carbon    dioxid    capacity.    65.5    per    cent,    by    volumn;    nlarma 
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chlonds,  5.38  gm.  per  liter;  sugar,  6.5  gm.  per  liter;  urea,  109  mg.  per  luiiidrcd 
cubic  centimeters.  During  the  next  few  days,  the  patient  continued  to  vomit, 
so  that  oral  feeding  was  impossible. 

June  6:  Roentgen-ray  and  fluoroscopic  examinations  showed  that  the 
gastro-enterostomy  stoma  was  open  and  functioning,  and,  as  the  patient's 
bowels  moved  regularly,  he  was  often  incontinent.  It  was  thought  that  the 
vomiting  could  not  be  explained  on  the  basis  of  an  obstruction. 

June  8:  Blood  tests  showed  :  plasma  carbon  dioxid  capacity,  40.9  per  cent  by 
volume;  plasma  chlorids,  5.16  gm.  per  liter;  urea,  2S0  mg.  per  hundred  cubic 
centimeters;  uric  acid,  14.5  mg.  per  hundred  cubic  centimeters;  creatinin,  3.8  mg. 
per  hundred  cubic  centimeters. 

June  9:     Phenolsulphonephthalein  excretion  was  22  per  cent,  in  two  hours. 

June  11:  The  plasma  carbon  dioxid  capacity  was  44.7  per  cent,  by  volume; 
urea,  191  mg.  per  hundred  cubic  centimeters;  creatinin,  2.8  mg.  per  hundred 
cubic  centimeters.  The  patient  became  drowsy  and  stuporous  and  at  times 
irrational.  He  was  evidently  losing  ground.  Gastric  lavages  were  necessary 
for  the  retention,  hiccuping  and  recurrent  dilatation. 

June  14:  The  plasma  carbon  dioxid  capacity  was  40.9  per  cent,  by  volume; 
urea,  167  mg.  per  hundred  cubic  centimeters;  creatinin,  1.75  mg.  per  hundred 
cubic  centimeters.  The  blood  pressure  was  75  systolic.  50  diastolic,  and  the 
heart  sounds  were  poor.  The  patient  was  then  given  digitalis  in  rather  large 
doses  through  the  stomach  tube.  This  seemed  to  be  the  turning  point  and  in 
two  days  the  m^an  was  transformed  from  a  condition  of  semicoma  with  dyspnea 
and  cyanosis  to  the  convalescent  state.     Improvement  was  rapid. 

June  22:  The  plasma  carbon  dioxid  capacity  was  55.1  per  cent,  by  volume; 
urea,  142  mg.  per  hundred  cubic  centimeters ;  uric  acid,  2.3  mg.  per  hundred 
cubic  centimeters. 

July  9:     The  patient  was  discharged,  improved. 

The  chief  interest  in  this  case  was  the  remarkable  rise  ami  the 
gradual  fall  in  the  protein  metabolites.  Nine  days  after  the  operation, 
the  values  for  urea,  uric  acid  and  creatinin  were  near  a  fatal  level 
prognostically,  with  a  low  carbon  dioxid  capacity ;  two  weeks  later,  the 
concentration  figures  were  normal.  Before  the  ojieration.  the  man  had 
a  mild  alkalosis  and  reported  spasms  of  the  fingers,  but  no  signs  of 
tetany  were  demonstrable. 

Case  5.*" — History. — J.  O.  \V.,  aged  28  years,  an  .American,  entered,  March  3. 
1921,  complaining  of  vomiting  of  about  two  months'  duration.  He  first  noticed 
that  he  had  a  "sour  stomach."  but  soon  afterward  began  to  have  spells  of 
vomiting.  These  were  preceded  by  a  feeling  of  fulness  and  distress.  The 
vomitus  was  enormous  in  amount,  sour  and  frothy,  and  contained  undigested 
food.  Vomiting  increased  in  frequency,  finally  occurring  once  a  day.  The 
patient  also  complained  of  eructations,  flatulence  and  nausea  after  meals.  The 
appetite  had  been  poor,  and  the  bowels  constipated.  He  said  he  had  never  had 
pain  in  the  epigastrium.  The  average  weight  was  185  pounds  (84  kg.).  Weight 
on  admission  was  137  pounds  (62  kg.>.  Nothing  relevant  was  learned  from 
the   family  or  personal  history. 


46.     This  case  from  the  medical  service  of  the  Johns   Hopkins  Hospital   is 
published   with  the  kind   permission  of  Dr.   Longcope. 
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Examiuatiau. — The  patient  was  quite  thin,  and  flahl)iness  of  the  skin  gave 
evidence  of  loss  of  weight.  The  right  pupil  was  larger  than  the  left,  the  tongue 
was  thickly  coated  and  there  was  pyorrhea.  The  heart  and  lungs  were  nega- 
tive. The  abdomen  was  slightly  scaphoid.  The  liver  edge  was  not  felt.  There 
was  some  resistance  in  the  epigastrium.  The  stomach  on  percussion  seemed 
to  be  markedly  distended. 

March  4:  .^  rice  and  raisin  meal  was  given  the  patient  in  the  evening,  but 
he  vomited  1,200  c.c.  early  the  ne.xt  morning.  The  vomitus  showed  rice  and 
raisins.  The  guaiac  test  was  strongly  positive.  The  blood  Wassermann  reac- 
tion was  negative.  In  a  phenolsulphonephthalein  test,  after  one  hour  the  urine 
(10  c.c.)  showed  10  per  cent.;  after  the  second  hour,  the  urine  (35  c.c.)  showed 
37.5  per  cent.;  total,  47.5  per  cent.  Roentgen-ray  examination  of  the  gabtro- 
intestinal  tract  showed  a  wedge-shaped  filling  defect  of  the  pylorus  and  a  cow- 
horn  shaped  stomach,  moderately  ptosed.  Peristalsis  of  the  dilated  stomach  was 
very  active,  but  no  barium  sulphate  passed  the  pylorus,  which  seemed  to  l)e 
obstructed.  There  was  no  occult  blood  in  the  stool.  The  blood  count  showed  : 
erythrocytes,  5.840,000;  hemoglobin,  115  per  cent.;  leukocytes,  8,400.  The  blood 
pressure  was  130  systolic  and  80  diastolic.  The  specific  gravity  of  the  urine  was 
1.045.  It  was  acid,  and  showed  a  faint  trace  of  albumin,  casts  and  a  large 
amount  of  acetone. 

March  7:  The  patient  was  able  to  retain  very  little  ])y  mouth.  During 
a  gastric  lavage,  he  complained  of  cramps  in  his  arms  and  feet,  and,  about 
five  minutes  later,  he  had  a  generalized  tetanic  convulsion.  There  was  no  loss 
of  consciousness,  and  for  a  period  of  about  five  minutes,  while  the  attack  lasted, 
he  seemed  to  suffer  a  great  deal.  About  ten  minutes  after  the  convulsion, 
the  signs  of  Trousseau  and  Chvostck  were  present. 

March  8:  The  />»  was  7.42.  The  plasma  carbon  dioxid  capacity  was  103 
per  cent,  by  volume.  The  plasma  chlorids  amounted  to  3.67  gm.  per  liter.  The 
freezing  point  depression  was  0.524  degrees  (normal,  aliout  0.54  degrees).  The 
protein  calculated  from  the  refractive  index  was  8.9  per  cent,  and  by  the 
Kjeldahl  method,  8.4  per  cent.  Other  measurements  were:  specific  conductivity, 
96.9  (normal  about  120)  ;  plasma  sugar,  143  mg.  per  hundred  cubic  centimeters; 
nonprotein  nitrogen,  82.2  mg.  per  hundred  cubic  centimeters ;  calcium,  10.8  mg. 
per  hundred  cubic  centimeters;  potassium,  20  mg.  per  hundred  cubic  centimeters; 
sodium,  282  mg.  per  hundred  cubic  centimeters.  The  urine  contained  a  large 
amount  of  acetone. 

Operation. — March  11:  Pylorectomy  with  posterior  gastro-enterostomy  was 
performed.  An  old  pyloric  ulcer  with  a  dense  band  of  connective  tissue  was 
found,  causing  marked  obstruction.  The  microscopic  examination  of  the  speci- 
men showed  carcinoma.  The  patient's  immediate  convalescence  from  operation 
was  smooth.  He  took  fluid  and  food  well,  and  made  no  complaint.  Suddenly, 
March  19,  he  began  to  talk  irrationally  and  incessantly;  he  was  disoriented 
as  to  time  and  place,  and  could  not  recall  names  of  physicians  or  nurses. 
Later,  he  had  hallucinations  and  delusions.  Temperature,  pulse  and  respirations 
were  normal. 

March  22:     Plasma  carbon  dioxid  capacity  was   58.7  per  cent,  by  volume. 

March  23:  The  optic  disks  were  a  little  indistinct  and  there  were  several 
fresh  hemorrhages  on  both  sides.  The  blood  urea  nitrogen  was  22.7  mg.  per 
hundred  cubic  centimeters ;  the  nonprotein  nitrogen,  55.5  mg.  per  hundred  cubic 
centimeters;  and  the  plasma  chlorids  amounted  to  6.3  gm.  per  liter.  Urinary 
examination  showed  albumin  (a  trace)  many  casts  and  a  few  leukocytes.  The 
blood  pressure  was   110  systolic  and   70  diastolic. 
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The  rest  of  the  patient's  convalescence  was  marked  In-  the  development  of 
a  psychosis,  but  in  all  other  respects  his  condition  was  excellent,  and  when  dis- 
missed, April  15,  he  could  eat  freely  of  a  liberal  diet.  Six  months  later  word 
was  received  from  the  family  physician  that  the  patient,  had  died,  presumably 
from  carcinomatosis. 

This  was  a  typical  case,  with  definite  signs  of  chnical  tetany  and 
marked  changes  in  the  blood.  The  one  pn  estimation  made  was  within 
the  normal  range,  but  the  concentration  of  carbon  dioxid  was  over 
100  per  cent,  by  volume  and  the  protein  catabolites  above  normal.  The 
sodium  was  low.  A  particularly  interesting  finding  w^s  the  verv  low 
figure  for  the  specific  conductivity  of  the  scrum  which  was  about 
20  per- cent,  subnormal. 

Case  6. — History  and  Examination. — J.  ]\IcA.,  aged  41  years,  an  Irish  laborer, 
entered  the  hospital,  June  23,  1920,  with  a  typical  history  of  acute  appendicitis. 
Physical  examination  showed  tenderness,  rigidity  and  a  small  mass  in  the 
right  lower  quadrant.  The  patient  told  of  ten  years  of  epigastric  pain  radiating 
through  to  the  back,  coming  on  two  hours  after  meals,  relieved  by  bending. 
over  and  by  ingestion  of  sodium  bicarbonate.  This  was  suggestive  of  a  pyloric 
ulcer.     The  Wassermann  test  was  negative. 

Operation. — An  emergency  operation  was  performed  through  a  MacBurncy 
incision,  which  revealed  a  gangrenous  appendix  and  spreading  peritonitis.  The 
upper  abdomen  was  not  explored.  The  diseased  area  was  drained  by  two 
rubber  tubes. 

Course. — The  patient  had  a  stormy  convalescence.  At  first,  he  had  difficulty 
in  voiding. 

June  29:     He  vomited  blood. 

July  1 :  He  passed  a  tarry  stool,  and  vomited  more  blood.  It  was  believed 
that  an  ulcer,  presumably  of  the  pylorus,  had  commenced  bleeding.  The  patient's 
outward  condition  seemed  satisfactory,  and  the  wound  was  healing  rapidly. 
During  the  first  week,  the  urine  was  acid  and  showed  a  trace  of  albumin  in 
two  out  of  three  examinations. 

July  8:  A  gastric  lavage  was  given,  with  a  return  oi  brown  fluid  resembling 
old  blood. 

July  10:  Analysis  of  the  contents  after  a  gastric  lavage  showed:  free 
hydrochloric  acid,  16;  total  acid,  42.0;  guaiac  test,  positive.  A  blood  count 
showed :  erythrocytes,  3,346,000 ;  hemoglobin,  65  per  cent. 

July  21 :  The  sinus  was  healed  and  the  patient  was  considered  to  have 
recovered  from  appendicitis.  A  roentgen-ray  and  fluoroscopic  examination 
after  a  barium  sulphate  meal  revealed  marked  retention  in  the  stomach,  hut 
not  a  complete  obstruction  and  no  duodenal  deformity.  With  a  tentative  diag- 
nosis of  duodenal  ulcer,  the  patient  was  transferred  to  the  medical  division  for 
treatment,  under  a  careful  dietary  regimen. 

July  23:  The  urine  was  alkaline  to  litmus.  There  was  a  trace  of  albumin. 
Analysis  of  the  gastric  contents  after  a  serial  test  meal  showed:  free  hydro- 
chloric acid,  4  to  40;  total  acid,  14  to  72  \  guaiac  test,  positive.  A  guaiac  test 
on  a  stool  was  also  positive.  For  the  next  three  days,  the  patient  vomited 
steadily,  despite  withdrawal  of  a  soft  diet. 

July  26:  A  blood  count  showed:  erythrocytes.  2.920,000:  hemoglobin.  50 
per  cent. 
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)uly  27:  The  stool  was  giiaiac  positive.  The  urine  was  acid  and  the  niicro- 
sv.-opic  examination  revealed  aUiuniin  and  casts.  The  plasma  carhon  dioxid 
capacity  was  over  100  per  cent,  by  volume. 

July  28:  The  plasma  carbon  dioxid  capacity  was  104  per  cent,  by  volume. 
The  patient's  condition  was  poor.  He  vomited  once  during  the  night,  lb- 
seemed  lethargic  and  weak.  Breathing  was  quiet.  Marked  muscular  hyper- 
irritability  was  noted.  Chvostek's  sign  was  positive  on  the  right  side.  He 
was  thought  to  be  suflfering  from  mild  tetany.  No  definite  carpopedal  spasm 
was  present,  and  Trousseau's  sign  was  negative. 

July  29:  A  transfusion  was  given.  The  operation  which  was  to  follow 
was  cancelled  on  account  of  a  severe  transfusion  reaction.  The  patient  became 
much  worse.  Respirations  were  slow  and  irregular;  the  pulse  rapid  and  of  low 
tension.  Typical  facial  spasm  and  twitchings  were  noted.  In  the  afternoon, 
he  became  comatose;  the  respirations  dropped  to  about  seven  per  niiiuite,  and 
the  mucous  membranes  became  cyanosed.  The  plasma  carbon  dioxid  capacity 
was  S6  per  cent,  by  volume.  An  infusion  of  900  c.c.  of  saline,  500  c.c.  of  10 
per  cent,  glucose,  1  c.c.  of  epinephrin  and  12  c.c.  of  tenth  normal  hydrochloric 
acid  was  given.  After  the  infusion,  the  plasma  carbon  dioxid  was  64  per  cent. 
by  volume.  There  seemed  to  be  some  slight  improvement  in  the  general  condi- 
tion, but  consciousness  did  not  return. 

July  29:  A  liter  infusion  of  10  per  cent,  glucose,  10  minims  of  epinci)lirin, 
and  3  c.c.  of  tenth  normal  hydrochloric  acid  was  given. 

July  30:     The  patient  died.     Request   for  necropsy  was  not  granted. 

The  diagnosis  of  duodenal  ulcer  with  pyloric  steno.sis  was  almost 
certain  in  this  case.  The  patient  gave  a  typical  history.  The  rocntt^en- 
ray  examination  and  the  repeated  finding  of  blood  in  the  stool  and 
vomitus  completed  the  evidence.  Tetany,  which  finally  develoi)e(l,  was 
preceded  by  the  gradually  developing  signs  of  pyloric  obstruction; 
vomiting  was  frequent,  and  numerous  gastric  lavages  were  given.  At 
the  time  of  the  appearance  of  muscular  hyperirritability.  facial  twitch- 
ings and  Chvostek's  sign,  on  which  the  diagnosis  of  tetany  was  made, 
the  plasma  carbon  dioxid  capacity  was  104  per  cent,  by  volume.  The 
chlorids  were  not  determined.  At  the  end  of  the  illness,  when  the 
patient  was  practically  comato.se,  infusions  were  administered,  two  of 
which  containefl  luinute  amounts  of  hydrochloric  acid  (i.  e.,  in  concen- 
trations of  0.0008  and  0.0003  n(jrmal,  respectively).  Even  this  infini- 
tismal  amount  was  given  with  some  tre])idation,  and,  of  course,  the 
dosage  was  far  too  .small  to  j)roduce  a  therapeutic  effect.  Unfortu- 
nately, the  urea  concentration  of  the  blood  was  not  tested,  but  the 
presence  of  albumin  anrl  casts  in  the  urine  suggests  that,  as  in  the  other 
cases,  a  rise  in  urea  might  have  been  anticipated.  It  is  easy  to  say  now, 
in  retrospect,  that  the  temporizing  policy  adopterl  was  tmfortimate, 
when  a  simple  gastro-enterostomy  under  local  anesthesia  might  have 
prevented  the  onset  of  tetany  and  .saved  the  patient's  life.  The  decision 
was  made  difificult  at  the  time  by  the  fact  that  these  fatal  symptoms 
of  pyloric  obstruction  were  developing  during  the  jjcriftd  of  conva- 
lescence from  an  operation  for  aciUe  a[)pcndicitis  with  jjcritonitis  ;  that 
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severe  bleeding  from  the  ulcer  had  resulted  in  a  secondary  anemia,  thus 
lowering  the  patient's  general  resistence  to  any  operative  i)rocedure,  and 
that  careful  dietary  regulation  had  once  been  successful  and  had 
brought  him  well  along  the  road  to  recovery  at  an  earlier  period  of 
his  convalescence. 

Case  7. — History. — E.  L.,  aged  62  years,  an  American  housewife,  entered  the 
hospital  as  a  private  patient,  February  17,  1922,  complaining  chiefly  of  upper 
abdominal  pain  of  five  months'  duration.  She  said  that  in  the  l)eginning  the 
pain  came  on  about  one-half  hour  after  meals,  and  usually  lasted  for  about  an 
hour.  It  was  relieved  by  bismuth  and  bicarbonate  cf  soda,  and  by  lying  down. 
It  was  aggravated  by  eating.  On  entrance,  the  pain  had  become  continuous 
and  of  a  dull  burning  character.  After  meals,  it  often  became  knife-like.  It 
was  then  rather  definitely  localizable  on  the  right  side  of  the  abdomen  at  the 
umbilical  level.  With  the  pain,  there  had  been  some  distention  and  gaseous 
eructations.  The  patient  had  been  vomiting  lately  (extent  and  duration  not 
recorded)  and  had  lost  about  13  pounds  (about  6  kg.)  in  weight.  The  patient 
had  been  remarkably  free  of  symptoms  referable  to  the  cardiovascular,  respira- 
tory, genito-urinary  or  nervous  system.  Her  physician  reported  that  the  symp- 
toms of  pyloric  occlusion  had  been  steadily  becoming  more  apparent  and  that 
gastric  lavage  had  demonstrated  some  retention.  .Analysis  showed:  free  hydro- 
chloric acid,  20;  total  acid,  38. 

Examination. — The  patient  was  a  rather  thin,  nervous,  woman,  without  any 
definite  outward  signs  of  disease  or  evident  loss  of  weight.  She  had  lost  all  but 
four  teeth.  The  tongue  was  coated  and  the  pharyn.x  slightly  injected,  but  there 
were  no  significant  abnormalities  of  the  head,  neck  or  chest.  In  the  right  upper 
portion  of  the  abdomen,  there  was  a  small,  hard,  freely  movable  mass  al)out 
6  by  4  cm.,  which  descended  with  respirations  and  which  was  somewhat  tender 
A  diagnosis  of  carcinoma  of  the  stomach  with  stenosis  of  the  pylorus  was  made. 
Blood  examination  showed:  hemoglobin,  80  per  cent.;  erythrocytes.  ^."(XMXMI. 
The  urine  was  acid.  Tests  for  albumin,  casts  and  glucose  were  negative.  The 
blood  pressure  was  130  systolic,  80  diastolic. 

Clinical  Course. — February  17:  Gastric  lavage  was  performed,  with  a  clear 
return  only  after  6  quarts  (liters)  had  been  used.  The  patient  vomited  once. 
For  the  next  three  days,  i.  e.,  up  to  the  day  of  operation,  the  patient  was  given 
lavage  once  a  day,  in  each  case  with  the  return  of  consideralde  material  having 
the  appearance  of  coffee  grounds. 

Operation. — February  21:  Exploratory  celiotomy  and  posterior  gastro-cntcr- 
ostomy  were  performed  by  Dr.  Whipple.  Examination  showed  that  the  mass 
felt  before  operation  was  a  large,  freely  moval)le  carcinoma  in  the  pylnric  end 
of  the  stomach.  There  was  lymphatic  extension  through  the  gastrohepatic 
omentum  and  over  the  surface  of  the  pancreas.  The  lymph  nodes  of  both  lesser 
and  greater  curvature  were  involved,  with  typical  metastatic  nodules.  Because 
of  the  extensive  ramifications  of  the  growth,  a  complete  removal  with  pylo- 
rectomy  was  considered  impossible.  As  a  temporary  relief  for  the  pyloric 
obstruction,  a  posterior  gastro-enterostomy  was  performed  in  the  usual  manner, 
with  a  short  jejunal  loop.  The  patient  stood  the  operation  well.  Micro.scopic 
examination  of  a  piece  of  tissue  from  near  the  head  (A  tlie  pancreas  showed 
carcinoma,  evidently  from  the  stomach. 

During  the  three  days  after  operation,  the  patient  received  two  transfusions, 
a  glucose   infusion  and   a   saline  hypodermoclysis  to   relieve  thirst  and  evident 


dehydration.  Bleeding  into  the  stomach,  wliich  was  noticed  hcforo  i>poiation, 
recurred  and  marked  gastric  dihitatii>n  ensued,  relieved  somewhat  liy  hnagc, 
which  was  performed  once  or  twice  daily.  Despite  tlie  large  amounts  of  fluid 
administered,  there  was  oliguria.  The  urine  remaineil  acid,  and  alluiniin  and 
many  hyaline  and  granular  casts  were  noted. 

February  25:  Blood  urea  amounted  to  2.47  gni.  per  liter,  wliolo  Mood 
chlorids.  4.00  gni.  per  liter.  The  usual  gastric  lavage  was  given,  and  was 
repeated  twice  the  following  day. 

February  17:  Blood  urea  amounted  to  3.34  gni.  per  liter;  whole  blood 
chlorids,  2.51  gni.  per  liter;  total  plasma  carbon  dioxid  capacity  was  107.6 
per  cent,  by  volume.  The  patient  developed  twitchings  of  the  hands  and  arms, 
which  some  thought  were  a  manifestation  of  uremia  and  others  of  tetany.  She 
became  confused  and  disoriented  mentally.  The  tongue  was  brown  and  dry. 
Albumin  and  casts  were  plentiful,  and  once  more  the  urine  became  scanty.  .\t 
8  p.  m.,  the  patient  received  an  infusion  of  1  liter  of  a  solution  made  by  mixing 
500  c.c.  of  tenth  normal  hydrochloric  acid  with  500  c.c.  of  tenth  normal  sodium 
(physiologic  sodium  chlorid  solution).  The  blood  then  showed:  plasma  carbon 
dioxid  capacity,  86.2  per  cent,  by  volume;  whole  blood  chlorids,  3.ol  gm.  per 
liter.  One  hour  after  the  infusion,  the  patient  showed  unmistakable  carpopcdal 
spasm.  Spontaneously,  she  assumed  the  attitude  pathognomonic  of  tetany.  The 
nurse  said  that  she  had  definitely  noted  the  same  phenomenon  the  previous 
night,  but  it  was  not  observed  during  the  day.  Twitchings  of  the  mouth  and 
fibrillary  contractions  of  the  muscles  of  the  extremities  were  almost  constant. 

February  28,  at  1  a.  m.,  the  carpopcdal  spasms  were  no  longer  present,  but 
continuous  fibrillary  twitchings  very  much  like  those  seen  in  dogs  with  alkalosis 
were  marked.     At  9  a.  m.,  the  patient  died. 

This  was  a  case  of  carcinoma  of  the  stomach  with  pyloric  ol)struc- 
tion  in  an  elderly  woman,  with  a  liistory  of  vomiting.  On  the  fifth 
day,  after  a  palliative  gastro-enterostomy,  the  blood  urea  and  carljon 
dioxid  were  inordinately  high,  and  the  chlorids  very  low.  The  next 
day,  tetany  developed.  Before  operation,  the  kidneys  were  apparently 
not  damaged  ( i.  e.,  the  urine  showed  no  albumin,  and  no  casts;  the 
output  was  satisfactory;  the  blood  pressure  was  normal,  etc.),  but  after 
the  operation,  albumin  and  casts  appeared,  the  urine  became  scanty 
and  the  blood  urea  was  higher  than  normal.  It  is  of  interest  to  note  that 
the  urine  was  always  acid  desjiite  the  very  hi,L(h  alkaline  reserve  in  the 
blood.  (  Xo  cases  have  been  found  in  the  literature  willi  such  a  high 
figure  for  the  carbon  dioxid  ca])acity.)  The  carbon  dioxid  was  lowered 
and  the  chlorids  were  increased  by  an  intravenous  injectir)n  of  1  liter 
of  twentieth-normal  hydrochloric  acid  in  a  saline  solution,  with  no 
apparent  deleterious  effects.  The  number  of  cubic  centimeters  of  tenth- 
normal (0.365  jier  cent.)  hydrochloric  acid  solution  (x),  which  must  be 
added  to  neutralize  the  total  excess  bicarbonate  in  the  whole  circulating 
bloofl  is  obtained  apj^roximately  by  the  following  formula:  x  =  0.15 
CW,  where  C  =  the  total  carbon  dioxid  in  percentage  by  volume  over 
and  above  the  normal  (60  per  cent,  by  volume),  and  W  =  the  weight 
of   the   patient    in    pounds.      The   constant    (0.15)    was    obtained   on 
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the  assumption  that  tlic  total  blood  weight  is  8  per  cent,  of  the  body 
weight,  the  specific  gravity  of  the  blood,  1.05  per  cent,  and  the  bicar- 
bonate content  of  the  blood  95  per  cent,  of  the  total  carbon  dioxid. 
It  must  be  understood  that  the  injection  of  hydrochloric  acid  intrave- 
nously cannot  be  recommended,  as  we  have  had  insufficient  exiierience 
vi^ith  its  use.  It  is  suggested  as  a  therapeutic  agent  from  theoretical 
considerations.  We  have  never  seen  any  to.xic  effects  in  dogs.  It 
should  be  combined  with  an  equal  amount  of  physiologic  sodium  chlorid 
solution,  so  that  the  final  concentration  of  hydrochloric  acid  is  one 
twentieth  normal. 

In  order  that  the  chemical  findings  may  be  more  e'asily  reviewed, 
the  cases  have  been  summarized  and  presented  in  the  accompanying 
table. 

In  brief,  tlie  series  consists  of  seven  patients,  five  of  whom  had 
obstructions  at  the  pylorus,  two  from  ulcer  and  three  from  carcinoma. 
One  patient  had  an  annular  carcinoma  of  the  jejunum,  and  another 
suffered  from  persistent  postoperative  gastric  dilatation,  with  vomiting. 
All  of  the  patients  had  an  increased  plasma  carl^on  dioxid  capacity  ;  all 
but  one  had  hypochloremia,  and  all  of  those  tested  showed  an  elevation 
in  blood  urea.  The  three  i)atients  who  showed  the  greatest  change  in 
bicarbonate  content  developed  spasms.  Before  further  discussion  of 
these  findings,  it  might  be  of  interest  to  take  up  the  results  of  a  few 
experiments  with  dogs,  performed  recently. 

RECEXT     EXPERIMEXTAL     WORK 

The  pylorus  was  occluded  in  a  number  of, dogs,  and  arterial  antl 
venous  blood  was  examined  at  intervals  before  and  after  operation.  In 
some  dogs,  a  duodenal  bucket-tube  was  introduced  through  the  wall  of 
the  stomach,  so  that  the  contents  of  the  stomach  could  be  washed  out 
regularly  and  the  secretion  analyzed.  In  three  dogs,  another  tube  was 
inserted  into  the  duodenum  lielow  the  olistruction,  so  that  a  high  fluid 
intake  could  be  assured.'*' 

It  was  found  that  after  operation  there  was  a  rapid  rise  in  the  plasma 
bicarl)onate.  which  in  the  dogs  that  developed  tetany  was  not  com- 
pensated for  by  an  equivalent  ri.se  in  free  carbonic  acid,  so  that  a 
decrease  in  hydrogen-ion  concentration  resulted  according  to  the 
accepted  formula:  [M]  ^^'^tmR'olV  '^^''^  hydrion  was  measured  by 
Cullen's  new  colorimetric  method  for  plasma  which  dispenses  with 
dialysis.**  Precision  in  preparing  the  standard  solutions,  care  in  col- 
lecting unobstructed  blood  under  oil  and  avoiding  contact  with  air  are 


47.  To  Dr.  W.  E.  Swift  we  are  indt-htcd  t<ir  tlie  suggestion  of  using  these 
two  procedures  simultaneously.     The  method  proved  very  satisfactory. 

48.  Cullen,  G.  E. :     J.  Biol.  Chem.  52:501,  1922. 
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essential,  but  t.)ther\vise  the  technic  is  short  aiul  iircseiits  no  (Ht'ticuUies. 
The  consistency  of  our  resuhs  gave  ns  confidence  in  their  accuracy. 
In  all  the  dogs  in  which  there  was  a  marked  rise  in  /^i,,  tetany  developed, 
and  there  was  no  dog  with  tetany  whose  pu  was  not  definitely  increased. 
There  was  then,  in  the  true  sense  oi  the   word,  an   alkalosis.      If  the 


Values  for  BHCOi  and  pu  in  tfie  venous  blood  of  tiircc  dogs  who  developed 
tetany  after  pyloric  occlusion.  The  nuinliers  refer  to  days  after  operation. 
The  limits  of  normality  as  determined  liy  Moofi  analyses  in  seven  dogs  is 
indicated  by  the  parallelogram. 


series  was  not  so  small  (seven),  we  might  believe  that  an  increased 
pH  was  invariably  pre.sent  in  gastric  tetany.  It  might  make  clearer  the 
effect  of  pyloric  occlusion  on  the  acid-base  equilibrium  if  the  results  in 
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the  three  dogs  that  develcv^ed  tetany  were  presented  graphically  accord- 
ing to  the  chart  constructed  by  Van  Slyke  *'•'  to  show  all  possible  changes 
in  the  acid-base  balance.  The  ligures  for  combined  carbon  dioxid 
(bicarbonate)  are  plotted  as  ordinates,  the  pn  as  abscissas.  The  paral- 
lelogram in  the  center  includes  all  values  for  normal  dog's  blood  found 
in  the  seven  experiments. 

It  will  l)e  seen  that,  very  soon  after  the  operation,  a  compensated, 
and  later  an  uncompensated,  state  of  alkalosis  developed.  This  change 
was  associated  with  a  state  of  tetany. 

Measuring  the  chlorid  content  of  the  gastric  secretion,  it  was  found 
that,  in  each  twenty-four  hour  period,  more  than  enough  chlorid  was 
secreted,  and  thus  lost  to  the  body,  than  was  necessary  to  account  for 
the  decrease  in  the  concentration  of  this  ion  in  the  plasma. 

It  was  also  discovered  that  the  concentration  of  urea  and  nonprotein 
nitrogen  in  the  dog's  blood  increased  after  operation.  The  rise  com- 
menced on  the  second  or  third  day  (i.  e.,  later  than  the  change  in  pn), 
and  apparently  fluctuated  independently  of  the  other  factors  ( pu, 
bicarbonate  and  chlorid). 

In  taking  electrocardiograms  of  two  dogs,  it  was  founl  by  chance 
that  in  both  cases  the  electrical  resistance  of  the  skin  and  tissues  had 
increased  more  than  threefold  after  operation.  This  is  of  interest  in 
connection  with  the  decreased  serum  conducti\ity  found  in  Case  5. 

COMMENT 

It  is  clear  that  experimental  results  corroborate  clinical  tindings. 
The  loss  of  hydrochloric  acid  from  the  body  is  evidently  the  primary 
cause  of  the  hemic  disorder.  In  lower  intestinal  obstruction,  there  is 
a  loss  of  alkaline  juices  as  well  as  acid,  so  that,  although  the  plasma 
chlorid  decrement  is  marked,  there  is  no  alkalosis.  For  instance,  m 
the  reported  case  of  a  chronic  jejunal  obstruction,  there  was  only  a 
slight  rise  in  carbon  dioxid,  whereas  the  fall  in  chlorids  was  considerable. 
When  the  obstruction  occurs  at  the  pylorus,  however,  hydrochloric  acid, 
for  the  most  part,  is  expelled.  Essentially,  this  means  a  loss  of  hydrogen 
ions  and  chlorid  ions  from  the  blood.  Withdrawal  of  the  former  frees 
acid  radicles  (mostly  "  HCO.,  ions)  and  of  the  latter,  basi."  radicles 
(mostly  Na-'ions).  The  union  of  the  freed  ions  (XaMO),) 
results  in  an  increased  value  for  total  carboii  dioxid,  as  obtained  l)y 
the  \'an  Slyke  method  in  the  cases  described.  The  rise  in  plasma 
bicarbonate  measured  in  mols,  however,  is  not  equivalent  to  the  fall 
in  chlorid,  being  usually  only  about  one  half  as  great.  This  fact  is 
consistent  with  the  finding  that  a  large  fraction  of  the  chlorid  in  the 
stomach  contents  is  not  in  the  form  of  hydrochloric  acid.     The  greater 


49.  Van  Slvke,  D.  D. :    J.  Biol.  Chom.  48:153  (Sept.)   1921. 
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jxirt  of  this  excess  chlorid  is  probably  neutral  salt  derived  from  the 
saliva  which  lias  become  mixed  with  gastric  juice. 

The  rise  in  bicarbonate  as  explained  above  is  e\idently  not  com- 
pensated for  by  an  equal  rise  in  free  carbon  dioxid  (carbonic  acid)  ;  and 
the  ratio  carbonic  acid  :  sodium  bicarbonate  is  disturbed,  with  a  result 
that  the  hydrogen-ion  concentration  is  diminished  (rise  in  pn),  «iiiil  the 
blood  is  consequently  more  alkaline. 

The  significance  of  the  increase  in  the  nitrogen  catabolites  of  the 
blood  in  pyloric  occlusion  is  problematical.  In  intestinal  obstruction, 
numerous  observers  ^'^  have  found  that  all  the  nonprotein  nitrogen 
fractions  are  high,  but  the  reason  for  this  is  not  certain.  Chemical 
uremia  has  never  been  reported  as  an  accompaniment  of  jiyloric  obstruc- 
tion ;  but  as  it  occurred  to  some  degree  in  all  our  patients,  and  as  it 
was  also  present  in  most  of  the  dogs,  it  would  seem  that  there  was  a 
definite  association  of  the  two.  In  neither  dogs  nor  human  l)eings  was 
there  any  apparent  relationship  between  the  urea  concentration  and  any 
of  the  other  substances  analyzed.  The  rise  in  urea,  it  seems,  came  on 
after  the  rise  in  total  carbon  dioxid,  and  in  two  of  the  human  cases 
continued  to  increase  after  operation,  despite  the  fact  that  the  carbon 
dioxid  returned  to  normal.  As  there  is  usually  no  ingestion  of  nitrogen 
in  these  cases,  the  rise  in  the  blood  has  been  taken  to  indicate  either 
an  increased  jirotein  catabolism  in  the  tissues  or  a  block  in  the  portal 
of  elimination. 

Light  might  be  thrown  on  the  proljlem  by  comparati\e  estimations  of 
the  blood  urea  and  the  amount  excreted  in  the  urine  over  a  given 
period  (MacLean  index,  etc.).  From  the  fact  that  a  rise  in  pu  has 
been  found  to  accelerate  metabolism  in  some  lower  forms  of  life,  the 
hypothesis  that  alkalosis  hastens  protein  catabolism  in  ])yloric  stenosis 
might  suggest  itself.  This  question  cannot  be  answered  at  present.  But 
in  view  of  the  fact  that  in  our  cases  the  ascent  of  urea  continued  for 
sometime  after  the  total  carbon  dioxid  had  dropped  to  normal,  the 
second  theory,  namely,  that  ingestion  of  alkali  temjjorarily  affects  renal 
function,  seems  more  acceptable.  A  mild  nejjhritis  has  Ijeen  thought  to 
be  present  in  intestinal  obstruction  since  the  experimental  studies  of 
McQuarrie  and  Whipple,'''  who  found  that  the  nitrogen  and  chlorid 
excretion  was  impaired  and  the  phenolsulphonephthalein  elimination  was 
subnormal.     In  the  clinical  cases  recorded,  we  have  no  estimations  of 


50.  Tileston,  Wilder,  and  Comfort,  C.  W. :  Arch.  Int.  Mcfl.  14:620  (Oct.) 
1914.  Cooke.  J.  V.;  Rodcnbaugh.  F.  H..  and  Whipple,  G.  H. :  J.  Exper.  Med. 
2J:717  Oune)  1916.  Lourin,  H.  W. :  Blood  Urea  Nitrogen  in  Acute  Intestinal 
Obstruction,  Arch.   Int.  Med.  27:620   (May)    1921. 

51.  McQuarrie,  I.,  and  Whipple,  G  W.:  J.  F.xpcr.  Med.  29:397,  421  (April) 
1919. 
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nitrogen  metabolism,  such  as  the  ratio  urea  in  blood:  urea  in  urine.     In 
one  case,  the  phenolsulphonephthalein  output  was  low   (20  per  cent.). 

There  is  some  evidence  that  ingestion  of  alkalis  will  damage  the 
kidneys.  Large  amounts  of  alkili  by  mouth  have  been  found  responsible 
for  albumin  in  the  urine.  Albumin  and  casts  were  frequently  found  in 
our  human  as  well  as  in  our  animal  cases.  This  coincides  with  the 
experience  of  Mayo-Robson,  wdio  calls  particular  attention  to  this  find- 
ing in  gastric  tetany.  It  is  possible,  therefore,  that  a  rise  in  bicarbonate 
(or  pii)  causes  a  temporan,-  functional  nephropathy,  and  that  subse- 
quently, as  in  nephritis,  the  concentration  of  the  nitrogen  waste  products 
in  the  blood  rises. 

It  was  thought  at  first  that,  with  a  more  alkaline  blood,  less  ammonia 
would  be  formed  and  excreted  in  the  urine,  and  that  the  nitrogen 
thereby  released  would  increase  the  urea  factor.  The  rise  of  the  urea 
nitrogen  and  the  nonprotein  nitrogen  proportionately,  however,  were 
too  great  to  be  accounted  for  simply  by  a  diminution  in  ammonia  i)roduc- 
tion.  Nevertheless,  we  would  confidently  expect  to  find  the  urea  :- 
ammonia  ratio  in  the  urine  increased.  As  has  already  been  mentioned, 
a  number  of  observers  have  found  that,  after  overventilation,  the 
urinary  ammonia  decreased  markedly,  but  unfortunately  these  tests  have 
not  Ijeen  made  in  cases  of  gastric  tetany. 

It  is  to  be  regretted  that  a  more  complete  study  of  the  urine  was 
not  made  in  our  cases.  The  usual  routine  observations  record  the 
fact  that  it  was  almost  invariably  acid  to  litmus  desjMte  the  increased 
alkalinity  of  the  blood.  Two  tests  on  the  urine  of  dogs  with  alkalosis 
showed  that  it  was  acid  to  phenol  red  and  alkaline  to  methyl  red ;  i.  e.. 
the  pH  ^vas  about  5.8  to  6.4.  Palmer  and  \'an  Slyke  •-  noted  in  bicar- 
bonate feeding  experiments  that,  in  disease,  the  urine  did  not  become 
more  alkaline  than  blood  (pn  7.4)  until  a  higher  plasma  carbon  dioxid 
had  been  reached  than  that  of  normal  controls.  In  one  diabetic,  the 
carbon  dioxid  rose  to  104.4  per  cent,  by  volume  before  the  urine  became 
alkaHne.  This  is  difticult  to  explain,  but  is  at  least  in  agreement  with 
our  findings.  Alar  shall  ^^  has  recently  found  that  it  is  practically 
impossible  to  raise  the  reaction  of  urine  above  pu  8  by  the  ingestion 
of  alkali. 

Having  settled  on  the  important  changes  in  the  blood,  namely,  a  rise 
in  pu,  and  total  carbon  dioxid.  a  fall  in  chlorids  and  an  increased 
concentration  of  the  nitrogeneous  waste  products,  it  would  be  satis- 
factory to  be  able  to  explain  a  causative  relationship  l)etween  one  or 
more  of  these  factors  and  the  state  of  tetany.  Unfortunately,  this 
cannot  be  done  with  certaintv. 


52.  Palmer  and  Van  Slyke:    Footenote  21. 

53.  Marshall,  E.  K.,  Jr.:     T.  Biol.  Chcm.  51:3   (March)    1922. 
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I  iic  iH'>>ihle  effect  of  chemical  uremia  on  irritabiliiy  cannot  be 
entirely  disregardeJ.  Because  oi  its  association  with  terminal  coma. 
the  accumulation  of  waste  products  in  the  l)lood  has  itltcn  Incn  rcganicd 
as  depressing  to  the  nervous  system.  It  is  striking  that  in  all  our  cases. 
human  and  animal,  there  was  invariably  an  increased  concentration  of 
urea  in  the  blood  when  tetany  developed.  Also  a  lari^e  nnniber  of  the 
rejKtrted  cases  of  tetany  following  bicarbonate  therapy  occurred  in 
jvuients  with  damageil  kidneys.  In  Ilarroji's  case -'^  the  woman  was 
suffering  from  mercuric  chlorid  poisoning  and  (levelnj)ed  tetany,  with 
carbon  dioxid  around  80  per  cent,  by  yolnme.  Morse  •''  reported  a 
case  of  long-stantling  pyelitis  in  a  child  with  a  lii;;h  Mood  urea  who 
developed  tetany  after  sodium  bicarbonate  therajiy,  even  though  the 
plasma  carbon  dioxid  was  constantly  below  normal. 

As  our  results  add  nothing  beyond  what  has  already  been  proved 
experimentally  bearing  on  the  possible  relationship  between  tetany  and 
the  anion  or  cation  balance,  no  contribution  can  l)e  made  to  this  aspect 
of  the  question.  Our  clinical  and  exjierimental  data  direct  attention 
to  the  acid-base  disturbance  as  the  primary  causative  factor  in  gastric 
tetany.  Fuuflamental  experiments  have  shown  that  the  addition  of 
alkali  heightens  irritability,"'"  possibly  by  increasing  the  permeability 
of  the  nerve  sheath  ;  '■"  the  injection  of  basic  carljonates  and  phosphates 
cause  tetany,  and  in  two  clinical  forms  of  tetany  ( that  which  follows 
overbreathing.  and  so-called  gastric  tetany),  an  increased  pn  is  found. 
\\  ith  this  evidence,  it  seems  reasijuable  to  conclude  that  ])reponderance 
of  base  may  cause  nerve  hyperirritability.  Whether  this  action  is  direct 
or  indirect,  i.  e.,  acting  through  an  influence  exerted  upon  tlie  sodium: 
calcium  ratio,  has  not  been  certainly  proved. 

It  has  been  pointed  f)Ut  that  inferences  based  upon  ihe  \vorl<  of 
Freudenberg  and  (iyorgy  to  the  effect  that  the  sliift  in  ba>ic  radicles 
from  ionized  salt  compounds  to  less  dissociated  protein  niolicnles,  with 
rise  in  />h,  involves  mostly  the  calciinn  ions,  and  conse(|nenil\-  tlie  sodium  : 
calcium  ratio  in  the  jilasma  is  increased,  are  probably  erroneous. 
Explanations  for  the  effect  of  /i,,  on  the  sodium :  calcium  ratio  which 
invfjlve  peculiar  properties  of  the  calcium  ion  seem  more  likely,  but 
cannot  be  appropriately  discussed  at  present. 

n  I A  f ;  ,\  OS  I  s    A  N  u    x  r  i-:  a  t  m  k  n  t 
With  a   patient   who   gives  a  history  of   persistent   vomiting,   i)ar- 
ticularly  in  large  amounts,  it  is  well  to  determine  the  idasma  carbon 
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dioxid  content  or  capacity.  If  it  is  much  increased,  i.  e..  over  80  per 
cent,  by  volume,  without  a  history  of  alkaH  therapy,  it  is  an  indication 
that  there  is  an  obstruction,  organic  or  functional,  near  the  region  of 
the  pylorus  and  that  the  physicocheniical  balance  of  the  blood  is  in 
jeopardy.  If  the  carbon  dioxid  continues  to  rise,  tetany  can  be  pre- 
dicted (in  all  our  cases,  the  carbon  dioxid  was  over  100  per  cent,  by 
volume  before  tetany  ensued).  But  when  sodium  bicarbonate  is  rapidlv 
injected  intravenously,  tetany  may  develop  when  the  carbon  dioxid  is 
between  80  and  90  per  cent,  by  volume;  and  at  that  point,  death  will 
be  imminent  unless  relief  measures  are  instituted.  Mayo-Robson  once 
wrote  that  "it  has  almost  been  made  a  criterion  of  the  disease  that  it 
should  end  fatally." 

In  a  case  of  tetany,  a  ditTerential  diagnosis  must  be  made,  especiallv 
between:  1.  IIypo]:)arathyroidism,  which  includes  infantile  tetanv 
(often  associated  with  rickets)  and  postoperative  tetany  ( the  occasional 
sequel  of  a  thyroidectomy).  This  tyj^e  is  characterized  by  a  low 
calcium  content  of  the  blood,  and  also,  we  are  informed,  by  the  presence 
of  methyl  guanidin  in  the  blood  and  urine.  2.  Tetany  of  hyi)eri)nea,  a 
condition  which  is  marked  by  a  high  pu  but  a  low  carbon  dioxid  content. 
This  type,  which  seems  frequently  to  be  a  manifestation  of  hysteria,  has 
beet!  clearly  defined  by  Goldman,''^  and  should  be  kept  in  mind  in 
nervous  patients.  3.  Gastric  tetany,  which  follows  occlusion,  at  or  near 
the  pylorus  and  is  characterized  b}'  a  high  pu<  ^  bigh  carbon  dioxid,  a 
low  chloric!  and  probably  a  high  urea  concentration.  4.  Tetany  follow- 
ing the  intake  of  alkalis  or  sodium  salts.  In  this  instance,  the  diagnosis 
is  made  on  the  history.  The  blood,  depending  on  the  salt  used,  may 
show  a  high  pn  and  carbon  dioxid  content  and  a  low  calcium  content.''" 
In  other  words,  a  diagnosis  can  be  made  on  purely  chemical  evidence. 
In  fact,  some  cases  can  be  diagnosed  only  on  this  basis.  In  one  case 
reported  from  the  Presbyterian  Hospital,''"  the  patient  developed  tetany 
in  the  course  of  an  attack  of  sprue.  It  was  found  that  the  carbon 
dioxid  content  was  normal,  but  the  c.ilciu.m  content  was  definitely  sub- 
normal. Another  case  of  sprue  that  had  tetany  as  a  complication  had 
both  an  alkalosis  and  a  low  calcium  content.  At  jiresent,  such  forms 
can  be  classified  chemically  only.  It  is  singular  to  us  that  tetany  does 
not  develop  more  frequently  in  cases  of  hyi)ertrophic  jiyloric  stenosis 
of  children.  Reports  of  two  cases  were  f(nmd,  but  in  both  instances, 
soda  had  been  used  in  the  feedings.''' 
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For  a  complete  diagnosis,  then,  the  pn  ain.1  earltoii  dii^xid  oontont  of 
the  unobstructed  venous  (or  preferably  the  arterial)  plasma,  and  the 
chlorid  and  the  calcium  concentrations  should  be  estimated.  The  blood 
urea  is  of  interest.  These  findings  suggest  that  the  existing  textbook 
classifications  of  tetany,  which  are  leased  for  the  most  part  on  its  associ- 
ation with  other  clinical  conditions,  are  confusing  anil  might  with  licncfit 
be  revised. 

The  treatment  of  gastric  tetany  is  operative,  except  in  cases  of 
pyloric  sjxism  (which  might  theoretically  cause  tetany,  but  of  which  no 
proven  case  has  been  found  in  the  literature).  The  indication  for 
oi^eration,  of  course,  is  the  obstruction,  which  must  l)e  relieved;  and 
the  method  chosen  should  be  adapted  to  the  pathology  in  the  given 
case,  i.  e.,  gastro-enterostomy,  pyloroplasty,  pylorectomy,  etc.  As  a 
supporting  measure,  administration  of  fluids  is  essential.  I'atients  arc 
frequently  dehydrated,  as  little  water  passes  through  the  pylorus  in 
severe  cases,  and  the  absorption  from  the  gastric  mucosa  is  minimal. 
Granting  that  the  loss  of  hydrochloric  acid  is  the  cause  of  the  condition, 
rational  therapy  would  seem  to  consist  in  the  rcjilacement  of  this  acid, 
j)referably  by  intravenous  injections.  Large  amounts  of  acid  can  be 
given  to  dogs  with  safety;  and  500  c.c.  of  tenth-normal  hvdrnchloric 
acid  solution  plus  500  c.c.  of  0.15  normal  sodium  chlorid  solution  was 
administered  to  one  of  our  patients  without  deleterious  effects.  Although 
from  this  evidence  we  are  inclined  to  think  that  a  dilute  solution  of  acid 
in  saline  solution  can  be  injected  with  benefit,  our  exj^erience  has  been 
tf)fj  limited  to  create  assurance.  MacCallum  states  that  infusions  of  nor- 
mal saline  were  efficacious.  The  addition  of  a  0.5  per  cent,  solution  of 
calcium  chlorid  would  theoretically  be  of  advantage,  but  the  hemolysing 
power  of  these  solutions  will  have  to  be  tested  before  their  administra- 
tion is  adopted  as  a  therapeutic  procedure.  The  amount  of  livdrochloric 
acid  necessary-  to  neutralize  the  excess  bicarbonate  can  be  roughly 
estimated  as  outline<l  in  the  discussion  of  Case  7.  Calcium  chlorid 
must  not  be  injected  subcutaneously,  since  it  is  irritating  to  the  tissues. 

SUMM.\RV 

1.  Five  cases  of  pyloric  stenosis  are  reviewed.  Two  other  cases 
with  somewhat  comparable  findings  are  included  ;  one  jjatient  had  post- 
operative gastric  dilatation;  the  other,  carcinoma  of  the  jejunum  with 
stenosis. 

2.  \\  ith  stenosis  of  the  pylorus,  hydrochloric  acid  cannot  pass  into 
the  inte.stines  and  be  reabsorbed.  It  is  expelled  by  vomiting  or  washed 
out  by  gastric  lavage.  The  result  is  a  disturbance  of  the  acid-base 
balance  in  the  blrK)d  and  tissues, 

.1  The  blood  findings  in  our  patients  were  similar  to  those  in  dogs 
after  experimental  pyloric  occlusion,  namely,  an  increased  carbon  dioxifl 
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and  urea  and  a  diminished  chlorid  content.  The  most  abnormal  values 
found  were:  carbon  dioxid,  107  per  cent,  by  volume;  chlorid,  2.5  gm. 
per  liter,  and  urea  334  mg.  per  hundred  cubic  centimeters. 

4.  In  the  dog  experiments,  it  was  found  that  the  blood  was  more 
alkaline  than  normal. 

r.  There  is  almost  certainly  a  relationship  between  the  recorded 
blood  changes  and  the  condition  of  tetany  that  may  develop  in  severe 
cases. 

6.  It  is  considered  that  the  cases  presented,  the  experiments  sum- 
marized and  the  literature  cited  make  the  assumption  that  nerve  irrita- 
bility is  increased  by  a  fall  in  the  hydrion  concentration  of  the  blood 
or  by  a  rise  in  the  sodium :  calcium  ratio  highly  probable.  The  latter 
may  be  brought  about  by  adding  dissociable  sodium  compounds  or 
precipitating  calcium.  Whether  the  hydrogen  ion  is  active  because  of 
its  ettect  on  the  cation  ratio  is  still  an  open  question. 

7.  The  increased  electrical  resistance  found  in  two  dogs  and  the 
lowered  serum  conducti\ity  in  one  patient  are  very  suggestive  and  needs 
investigation. 

8.  The  treatment  of  gastric  tetany  is  operative.  As  far  as  we  know, 
it  is  always  the  result  of  obstruction  of  the  pylorus,  due  to  gross 
pathologic  changes.  There  are  other  forms  of  tetany  that  are  not 
associated  with  pathologic  gastric  conditions,  from  which  it  must  be 
differentiated.     This  can  usually  be  done  by  suitable  blood  analyses. 

CONCLUSION 

Pyloric  stenosis,  particularly  when  attended  Ijy  persistent  vomiting, 
is  followed  by  a  rise  in  the  total  carbon  dioxid  and  a  fall  in  the  chlorid 
content  of  the  blood  plasma,  and  later,  it  seems,  by  an  increase  in  the 
nitrogen  catabolites. 

There  appears  to  be  a  causative  relationship  between  these  fmdings 
and  nerve  hyperirritability. 
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These  experiments  were  made  in  an  allenipt  i(.  proi.liicc  1  Idd^'kin'- 
disease  in  chinii)anzees  and  rhesus  monkeys.  The  apes  were  chosen 
because  numerous  attempts  were  made  to  i)ro(hice  this  disease  in  lower 
animals.  Feeding  experiments  and  injections  of  gland  extracts  have 
been  made  on  guinea-pigs,  rabbits,  ring  tail  and  rliesus  monkeys.'  Cer- 
tain hyperplasias  have  been  produced,  but  it  has  been  shown  that  the 
injection  into  animals  of  normal  gland  extracts  causes  a  lymi>hatic 
hyperplasia. 

For  a  working  basis  the  following  premises  were  adopted:  1.  Hodg- 
kin's  disease  is  a  distinct  clinicoi)athologic  entitv.  2.  It  belongs  to  the 
group  of  infectious  granulomas  and  is  of  bacterial  or  protozoan  origin. 

The  results  obtained  were  all  negative,  but  it  is  believed  that  they 
should  be  recorded  because  the  biologic  similarity  between  chimpanzees 
and  man  make  the  findings  of  more  significance  in  regard  to  the  trans- 
missibility  of  the  disease  by  imiilantation  of  tissue. 

ANIMALS 

Before  procuring  the  chimpanzees,  it  was  necessary  to  learn  sonic- 
thing  of  the  habits  and  living  conditions  of  these  animals,  .and  nianv 
months  were  s])ent  in  veteriiiar\-  consultations  and  g«iing  over  pl.ans  for 
proper  housing  and  caging.  .After  securing  the  animals,  the  next  step 
was  to  determine,  as  far  as  possible,  that  they  were  free  from  disease. 
Such  conditions  as  eczema,  ])yorrhea  al\i'olari>  and  round  worms,  were 
very  troublesome.  Wassermann  tests  were  made  and  .also  complement - 
fixation  tests  for  tuberculosis.  The  latter  were  felt  to  be  important. 
owing  to  the  susceptibilitx'  of  a]ies  to  this  disease,  fbe  two  chimpan- 
zees gave  positive  reactions,  but  they  showed  no  evidence  of  tuberculo- 
sis while  under  oiu"  ol)ser\ation  from  (  )ct.  ZS<,  1*^U).  mitil  Mav.   1920. 


*  This  work  was  carried  on  uiuler  a  grant  from  iIk-  llarriinan  rcscarcli  fund. 

*  From  the  laboratories  of  the  department  of  surgery.  Colunihia  Tniveri^ity. 
1.  Reed:    Bull.  Johns  Hopkins  Hosp.  Xo.  10,  I'XL'.  p.  1.^5.     Longcopc :  Hulle- 

tin  Ayer  Clinical  Lai).  No.  4,  1907.  Hnntin.t,^  C.  H..  and  Yates.  J.  (,.:  An 
Etiologic  Study  of  Hodgkin's  Disease.  J.  A.  M.  A.  61:1.S(».^  (Nov.  15)  191.3;  An 
Etiologic  Stud'v  of  Hodgkin's  Disease.  62:.M6  (Feb.  14)  1914.  Schacffer.  E. : 
Berl.  klin.  Wchnschr.  51:1215.   1914. 


Apparently,  tuberculosis  runs  its  almost  unitormly  fatal  (.our^c  in  those 
animals  within  eiijhteen  months  under  the  zoologio  and  ciri.nN  eondi- 
tions  of  New  \'ork  Citv. 


Fig.  1. — Low  power  rtiirMdnitinn  nf  drawinu 


daiid  used  in  ]ix])criiiKiit  1. 


Fig.  2. — Hi^h  power  reproduction  of  drawing  of  gland  used  in  ilxijcrimcnt  2 


Both  chimj^anzees  were  immature  females.  They  were  in  the  proc- 
ess of  shedflinj(  their  hahy  teeth  and  were  judged  by  an  expert  from 
the  Bronx  Zoological  Park  to  he  ahftut  4  years  of  age. 


EXPERIMENTAL     WORK 

hxpcrimeiit  l.—A  Kroup  of  three  nodes  was  removed  from  a  man,  2i  years  of 
age,  who  first  noticed  an  enlargement  in  the  neck  eight  months  previously. 
Later  lymphomas  developed  in  the  axillae.  These  showed  the  tvpical  histologic 
picture  of  Hodgkin's  disease   (Fig.  1). 

A  slice  of  a  node  1.5  by  0.3  cm.  was  transplanted  into  the  retroperitoneal 
region  and  one  0.7  by  0.5  into  the  spleen  of  a  rhesus.  The  animal  was  observed 
for  five  months,  and  no  external  evidence  of  Hodgkin's  disease  was  noted. 

The  rhesus  was  then  used  for  a  poliomyelitis  experiment  and  died.  Necropsy 
was  performed  and  microscopic  examinations  were  made,  but  no  evidence  of 
Hodgkin's  disease  was  found. 


Fig.  3. — Low  power  reproduction  of  drawing  of  gland  used  in  lixperimcnt  3. 


Ex  per  hue  lit  2. — Glands  w^re  removed  at  the  Roosevelt  Hospital  from  the 
groins  of  a  man,  30  years  of  age,  who  had  been  suffering  from  weakness,  night 
sweats  and  lymphomas  in  the  axillae,  neck  and  groins. 

Histologically  the  glands  were  those  of  Hodgkin's  diseases  (Fig.  2). 

Bacteriologic  examinations  were  made  of  the  glands,  but  no  organisms  were 
isolated. 

Two  pieces  of  nodes,  L5  by  0.4  cm.  and  1  by  0.4  by  0.3  cm.  were  transplanted 
into  the  retroperitoneal  region  and  spleen  of  a  young  rhesus.  The  animal  was 
used    for   a    poliomyelitis    experiment,   and   died    of   abscess   of  the   brain.      At 


necropsy  no  evidence  of  iloilykin's  disease  was  fouiul.      I  listoldi^ii-  ixamiiuition 
showed  scar  tissne  in  the  spleen  at  the  site  of  transphmtation. 

E.rt>cnmi-ul  .•>'. — (ilands  were  removed  from  a  man,  about  .^7  years  of  age. 
This  patient  showed  the  first  signs  of  Hodgkin's  disease  two  years  previously, 
and  the  nodes  were  removed  at  tliat  time  to  coiit"inn  tlic  diagnosis. 


'VT^^-J^^r/'      '■-''.:   ■'' 


Fig.  4. — Low  power  reproduction  of  drauiug  mI  gland  in  i^.vperiimnt  4.     The 
part  within  the  circle  is  represented  in  Figure  5. 


In  June.  1919,  a  gland  was  removed  from  tlie  inguinal  region,  and  a  section 
2  hy  1  by  1  cm.  was  transplanted  lieneatb  the  deep  cervical  fascia  of  a  female 
chimpan/ec  about  6  years  old. 

Sections  made  from  the  gland  fFig.  .3)  were  typical  of  Hodgkin's  disease. 
Cultures  made  at  the  time  of  transplantation  revealed  rliplitlicroifl  bacilli  in 
PetrofTs  culture  medium  and  broth,  and  staj)hylococci  in  Inoili.  'I  lie  wounrl 
healed  without  infection.    The  animal  died  in  Xovember,  Y^V). 

Experimenl  4. — Glands  were  removed  from  a  Ijoy,  aged  15  years,  whi>  gave 
a  two  years'  history  of  swellings  in  the  right  side  of  the  neck  and  right  axilla. 


In  July,  1919,  glands  were  removed  from  the  cervical  region  and  a  slice  of 
gland  3  by  2  by  1  cm.  transplanted  under  the  deep  cervical  fascia  of  a  female 
chimpanzee  about  6  years  old. 

The  histologic  picture  was  that  of  Hodgkin's  disease  (Figs.  4  and  5). 

Anaerobic  and  aerobic  cultures  made  from  the  gland  at  the  time  of  trans- 
plantation revealed  Sfaphylococcus  albus.  but  the  wound  healed  without  infec- 
tion.    The  animal  was  in  ])erfect  health  two  years  after  the  experiment. 


Fig.  5. — High   power  nproduction    of   ln.ld   uulnii   lircle    in    h'igure  4. 


COMiMENT 

The  two  rhesus  monkeys  were  observed  five  and  six  innnihs.  respec- 
tively, and  at  necropsy  showed  no  evidence  of  lyniphonias. 

The  two  chimpanzees  were  observed  for  about  two  years  in  our 
cages  after  the  transplants  were  made  and  showed  no  external  evidence 
of  Hodgkin's  disease.  They  were  then  used  as  exhibition  animals  in  a 
circus.  The  one  used  in  Experiment  3  died  in  November.  T'il.  the 
diagnosis  by  the  veterinary  surgeon  being  tuberculosis.  Necropsy  was 
not  performed. 


The  second  chimpaiuee  wa^  taken  ill  alu'Ul  llii>  linu',  the  iimniiiuiit 
>vniptonis  being  cmi^h,  loss  of  weight  and  te\er.  She  died  1\1>.  ?. 
1V22.  Neeropsy  was  performed  forty-eii,dit  hours  postniorleni.  the 
anatomic  iHagnosis  being:  Tnhereulosis  and  edema  of  the  hms^s  ;  tuber- 
culosis of  the  cervical,  tracheal  and  moenterie  lymph  nodes;  luhereu- 
losis  of  the  sjileen,  miliary  and  caseous;  tuberculosis  (?)  oi  solitary 
follicles  of  the  ileum;  tuberculosis,  miliary,  of  the  liver.  Micro>copic 
examination  was  m.-ide  of  the  lungs,  lymph  nodes,  liver,  .spleen  and 
intestines.  The  hmgs  i)resented  an  ad\anced  degree  of  caseation,  with 
the  formation  of  tubercles  without  giant  cells.  The  lymph  nodes  and 
spleen  presented  a  similar  picture.  The  li\er  presentid  marktd  fatty 
infiltration  with  ]ir(*nounced  postmortem  change  and  a  few  small  areas 
of  necrosis,  the  nature  e»f  which  was  not  determined.  The  kidneys 
also  presented  postmortem  change,  but  no  evidence  of  tuberculosis.  Oti 
the  mucosal  surface  ui  the  ileum  wa>  a  small  ulceration  with  fibrosis 
and  rounfl  cell  infiltration. 

Tuberculosis  in  chimpanzees  is  a  rapidly  fatal  disease  and  there  is 
little  doubt  that  the  infection  took  ])lace  after  the  animals  left  our  cages. 
We  have  found  no  eviflence  that  Hodgkin's  disease  has  been  produced 
in  the  rhesus  nifjnkeys  and  chimpanzees  used  in  these  experiments. 


Rrpriiiled  frnvi    the   .Archives   of  Internal  Medicine 
September.  I9JS.  Vol.  32,  pp.  353-358 
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THE  CRANIAL  SUBDURAL  SPACE 

(A  METHOD  OF  STUDY) 

WILDEE  G.  PENFIELD 

Department  of  Surgery,  College  of  Physicians  and  Surgeons,  Columbia  University, 

New  York 

Pathological  accumulation  of  fluid  in  large  quantity  be- 
tween the  dura  mater  and  arachnoidea  was  described  in  an 
earlier  communication.^  This  fluid  was  found  to  have  a  higher 
specific  gravity  and  higher  concentration  of  protein  than  the 
cerebrospinal  fluid,  the  two  fluids  being  obtained  simultane- 
ously. The  concentration  of  easily  diffusible  substances  such 
as  glucose  was  identical  in  the  two  specimens,  while  their 
cellular  content  was  always  different.  During  this  time  drain- 
age of  the  cerebrospinal  fluid  coiitinued  normally  in  the  sub- 
arachnoid spaces  beneath  the  subdural  collection. 

Interest  in  the  condition  decribed  above  led  to  study  of  the 
relation  between  the  dura  and  arachnoidea  in  animals.  An 
attempt  was  made  to  induce  a  fluid  exudate  beneath  the  dura 
by  various  inflammatory  and  infectious  agents  placed  on  tlie 
outer  surface  of  the  dura.  Details  of  these  experiments  ^vill 
be  omitted,  as  little  if  any  increase  was  caused  in  the  subchiral 
fluid.  The  following  description  applies  to  the  normal  ani- 
mals used  as  controls. 

Is  the  space  between  dura  and  arachnoid  a  truly  |)otential 
space  or  does  it  normally  contain  fluid?  To  answer  this  (pies- 
tion  an  attempt  was  made  to  aspirate  fluid  witli  line  needles 
and  likewise  to  inject  dye  beneath  the  dura.  It  was  imjiossible 
to  exclude  the  presence  of  cerebrospinal  fluid  as  the  result  of 
injury  to  the  pia-arachnoid  by  this  method.  Consequently, 
the  technique  described  below  was  used. 

^Penfield,  W.  G.  Subdural  effusion  and  internal  hydrocephalus.  Am.  Journ. 
Diseases  Cliildren,  vol.  26,  pp.  383-390,  1923. 
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A  10  [)(.'!•  colli  sululiuii  of  I'orinalin  cuiitaiiiiiig  a  i)liysiological 
coiieont ration  of  sodium  chloride  was  injected  into  the  inter- 
nal carotid  of  an  anesthetized  dog.  A  pressure  sufficient  to 
overcome  the  l)lood  pressure  in  this  artery  was  used,  i.e., 
about  1200  cm.  The  animal  was  taken  at  once  to  the  refrig- 
crat(»r  and  frozen  at  a  temperature  a  little  below  0°C.  At 
the  end  of  live  to  fifteen  days  the  head  was  sawed  into  slices 
by  i)arallel  cuts.  By  gentle  pressure,  the  segment  of  brain 
included  in  a  slab  could  then  be  pushed  out.  The  pia- 
arachnoid,  frozen  in  its  layer  of  cerebrospinal  fluid,  was  car- 
ried out  with  the  brain  segment.  A  layer  of  clear  yellow  ice 
was  then  found  on  the  under  surface  of  the  dura  or  loosely 
applied  to  the  outer  surface  of  the  arachnoid.^  The  cut  sur- 
face of  the  brain  presents  minute  cavities. 

This  amber-colored  sheet  of  ice  is  thus  found  over  the  con- 
vexity of  both  cerebral  hemispheres.  It  is  entirely  free.  Its 
outer  surface,  corresponding  to  the  dura,  is  smooth  and  glis- 
tening. Its  under  surface,  which  is  in  relation  with  the  arach- 
noidea,  is  not  so  smooth,  but  minutely  pitted.  This  ice  sheet 
was  often  found  to  be  0.5  to  1  mm.  in  thickness  over  the  con- 
vexity of  the  cerebrum,  but  usually  thin  beneath  the  falx. 
Considerable  variation  in  the  amount  of  subdural  fluid  exists, 
even  in  normal  dogs.  If  the  ice  crystals  be  picked  up  and 
placed  in  a  bottle,  the  resultant  fluid  varies  from  a  drop  or 
two  to  1  cc.  in  dogs  of  5  kilograms. 

It  is  difficult  to  demonstrate  the  subdural  ice  over  the  cere- 
bellar araclmoid  in  some  animals,  l)ut  in  others  beautiful  clear 
crystals  can  be  lifted  with  the  forceps  from  the  under  surface 
of  tlie  tentorium.  No  similar  layer  of  fluid  was  demonstrated 
beneath  tlie  spinal  dura  over  the  cervical  cord. 

The  appearance  of  the  frozen  layer  of  fluid  in  the  jna- 
arachnoid  is  different  from  tlie  above.  It  is  colorless.  In- 
corporated in  it  are  the  trabeculae  of  the  pia-arachnoid,  and 

'  When  the  animal  is  frozen  witJiout  preliminary  formalin  injection,  as  was  done 
by  Austmann  and  Moorhouse,  it  is  not  possible  to  push  out  the  brain  slabs  in  this 
way  nor  to  obtain  a  line  of  cleavage  on  the  outer  surface  of  the  arachnoidea. 
Austmann,  K.,  and  Moorhouse,  V.  On  the  function  of  the  cerebral  ventricles. 
Am.  Journ.  Physiol.,  vol.  G6,  pp.  267-274,  1923. 
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even  from  the  cisterna  cerebello-medullaris  the  ice  cake  can 
only  be  removed  by  tearing  it  free  from  its  membranes.  The 
difference  in  color  indicates  that  the  subdural  fluid  does  not 
take  part  in  the  cerebrospinal  fluid  circulation. 

Finally,  the  cerebral  and  cerebellar  subdural  space  is  more 
than  a  potential  cavity  in  normal  dogs.  It  contains  a  variable 
amount  of  clear  yellow  fluid  which  is  distinct  from  the  cerebro- 
spinal fluid. 


Reprinted   from    the   Procekdincs   of   thi   Society    roR   Expehimental    Biou>ct   and   Medicine, 
1924,  xxi,  pp.   407-409 
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Visualization  of  the  gall  bladder  of  the  dog  by  the  Roentgen  ray. 

By  HAROLD  A.  ABRAMSON.* 

[From  the  Laboratories  of  the  Department  of  Surgery,  Columbia 
University,  New  York  City.] 

By  injecting  solutions  of  sodium  iodide  or  Neo-silvol  (Parke- 
Davis)  into  the  gall  bladder  of  the  dog,  the  movements  of  the 
gall  bladder  and  the  fate  of  contained  fluids  may  be  easily  studied 
fluoroscopically  and  by  radiograph.  Neo-silvol,  a  silver-protein- 
iodide  compound,  is  particularly  useful  because  it  is  not  readily 
absorbed  and  is  relatively  non-irritating.  Excellent  radiographs 
of  the  gall  bladder  have  been  obtained  after  direct  injection  of 
1  cc.  of  a  35  per  cent  solution  of  sodium  iodide.  The  volume  of 
the  gall  bladder  in  a  medium  sized  dog  is  greater  than  2^  cc. 
Much  more  of  the  salt  may  therefore  l)e  used,  and  isotonicity 
still  be  preserved  since  sodium  iodide  is  isotonic  at  about  a  con- 
centration of  143^  per  cent.  Proportionate  amounts  of  Neo- 
silvol  may  similarly  be  used.  The  presence  of  pneumoperitoneum 
remaining  postoperatively  or  induced  experimentally,  is  a  dis- 
tinct aid  in  visualization  where  it  is  desirable  to  use  small  con- 
centrations of  material. 

The  following  observations  have  been  made  on  six  dogs  while 
recovering  from  anesthesia,  after  anesthesia,  or  a  numl^r  of  days 
after  operation.  The  total  number  of  actual  experimental  hours 
of  observation  was  between  fifteen  and  twenty. 

•Introduced  by  Reuben  Ottenberg. 


2  SciEN'TIFir    I^RCH-EKIMXC-.S    (139) 

1.  Sf'ontinicoiis  Expulsion. 
Only  once  during  the  course  of  this  series  was  there  seen  spon- 
taneous expulsion  of  material  from  the  gall  bladder.  This  was 
in  a  cholecystostomized  dog  (No.  3361.  May  29,  1923)  which 
five  davs  after  a  small  bored  rubber  tube  had  been  placed  in  the 
gall  bladder  wall,  was  taken  to  fluoroscopy.  Four  cc.  of  150 
per  cent  sodium  iodide  was  injected  through  the  tube.  The  gall 
bladder  became  beautifully  outlined.  During  the  next  ten  min- 
utes the  dog  was  standing  comfortably  on  the  platform  on  four 
legs,  or  occasionally  sitting  down,  nothing  was  seen  to  enter 
the  duct  and  go  into  the  duodenum.  Alter  that  period  the  ma- 
terial inside  the  gall  bladder  was  then  seen  to  distend  the  cystic 
and  common  duct,  an^l  several  globules  of  sodium  iodide  left  the 
common  duct  and  passed  into  the  duodenum,  moving  slowly, 
propelled  by  peristalsis  of  the  gut.  The  ducts  then  disappeared 
from  view.  For  the  next  half  hour  nothing  more  left  the  gall 
bladder.  Since  actually  observed  material,  estimated  at  3  cc, 
left  the  gall  bladder,  the  gall  bladder  contracted,  actively  or  pas- 
sively, expelling  the  mentioned  volume.  It  must  Ix^  remembered, 
however,  that  this  was  ob.served  five  days  after  cholecystostomy 
had  Ijeen  performed,  and  there  was  a  tube  still  through  the  wall 
of  the  gall  bladder. 

2.  Pressure  on  the  ahdoniinal  wall. 
In  both  intact  and  cholecystostomized  gall  bladders  very  slight 
pressure  on  the  abdominal  wall,  laterally  or  antero-posteriorly, 
did  not  force  sufficient  material  into  the  duodenum  to  make  vis- 
ualization possible.  With  increasing  pressure,  increasing  amounts 
^)i  the  contained  solution  could  l:>e  forced  until  very  little  re- 
mained and  the  collapsed,  ilaccid  gall  Ijladder  was  distinctly  seen. 

3.     Moz'enienls  of  the  onimal. 
Sitting  up,  lying  down,  or  moving  al)out  by  the  dog.  never 
resulted  in  the  expulsion  of  the  material  in  gall  l)la(lder  in  suffi- 
cient quantity  to  Ixj  seen  by  the  fluoroscope. 

4.     Resfyiration. 
At  no  time  could  respiration  be  said  to  cause  enough  material 
to  leave  the  gall  bladder  to  show  fluoroscopically  in  the  duode- 
num.     While  it  may  be  said  that  very  minute  amounts  might 
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have  been  forced  out  and  not  visualized,  it  is  justifiable  to  state 
that  if  any  had  come  through,  in  all  probability  it  would  have 
accumulated  at  some  point  at  some  time  and  would  have  been 
seen.  At  every  fluoroscopic  examination  the  patency  of  the  ducts 
was  tested  with  pressure  on  the  aMominal  wall.  However,  this 
much  must  be  said  in  favor  of  the  view  that  the  change  in  intra- 
abdominal pressure  produced  by  respiration  forces  material  from 
the  gall  bladder.  During  respiration  and  with  each  inspiration 
there  was  a  slight  flattening  along  the  longitudinal  axis  of  the 
gall  bladder.  Hence  with  an  organ  whose  internal  pressure  is 
greater  than  that  in  the  duodenum,  with  a  relaxed  sphincter  of 
Odi,  it  is  conceivable  that  the  change  in  shajje  might  produce  an 
overflow  of  contained  fluid.  It  is  important  to  think  of  the 
physics  of  the  biliary  tract  as  well  as  its  physiology.  The  gall 
bladder  is  a  markedly  distensible  bag,  connected  to  the  biliary 
system  by  a  tube,  the  cystic  duct,  to  the  common  duct  and  the 
hepatic  ducts.  At  any  moment  there  is  a  definite  "cholestatic" 
pressure  in  these  ducts  and  the  gall  bladder.  The  pressure  in  the 
duodenum  may  be  considered  almost  proportional  to  that  pro- 
duced at  the  sphincter  of  Odi.  Excluding  spasms  of  smooth 
muscle  and  obstructive  mechanical  factors,  it  is  simply  obeying 
fundamental  hydrostatic  principles  to  state  that  when  the  pres- 
sure in  the  gall  bladder  is  greater  than  that  in  the  duodenum  un- 
der the  conditions  mentioned  above,  bile  will  flow  from  the  gall 
bladder  into  the  duodenum,  regardless  of  contractile  power. 

The  method  of  study  which  has  been  just  outlined  was  devel- 
oped during  an  attempt  to  study  the  Meltzer-Lyons  test  flut^ro- 
scopically  so  that  the  effect  of  substances  on  the  Ampulla  of 
Vater  could  be  seen  directly  by  observations  of  material  in  the 
gall  bladder.  These  studies  are  not  yet  ready  to  be  reportetl. 
Quantitative  expulsion  experiments  of  Neo-silvol  from  the  gall 
bladder  over  a  given  period  of  time  are  also  incomplete,  as  well 
as  the  contractility  of  the  gall  bladder  under  increasing  intra-gall 
bladder  pressure. 


Reprinted  from  New  York  State  Journal  of  Medicine.  Seplember,  1924 


CLINICAL   DEDUCTIONS   FOLLOWING  A  STUDY  OF  BONE  REPAIR.*! 
By  FREDERIC  W.  BANCROFT,  M.D..  F.A.C.S., 

NEW  YORK  CITY. 


J  VERY  day  sees  the  advance  in  importance 
J  of  "Industrial  Surgery."  Economic  loss 
through  incompetence  or  carelessness  in  the 
:atment  of  fractures  is  more  and  more  evident. 
)o  often  we  practice  what  I  heard  a  surgeon 
tely  remark  in  a  discussion  of  a  fracture, 
Vhen  I  have  nothing  to  do,  I  put  it  up ;  when 
have  something  to  do,  I  put  it  off." 
["Studies  of  Bone  Repair"  may  help  us  to 
Mderstand  many  of  the  processes  involved,  and 
e  should  from  this  knowledge  base  a  more 
tional  method  of  treatment.  Experimental 
Drk  in  medicine  is  of  little  importance  unless 
has  some  direct,  practical  application  in  our 
erapy  of  disease. 

Before  attempting  to  state  what  we  know  of 
)ne  repair,  it  is  advisable  to  admit  how  little 
e   as  yet   understand.  .  Our   knowledge   has 
:ally  only  skimmed  the  surface. 
We  do  not  know,  for  instance,  by  what  proc- 
;s    the    architecture    of    cancellous    bone    is 
tered    in    certain    orthopedic     conditions.      I 
:ccntly  saw  a  hip  ankelosed  in  adduction ;  the 
L.-ray  pictures  revealed   an  entire  change  of 
[le  arrangement  of  the  cancellous  bone.    How 
hd  this  change  occur?    If  a  tooth  be  removed, 
here  is  a  change  in  the  jaw.     The  prepared 
<eleton    we    have    seen    in    dissecting    rooms 
i."ild  not  be  our  conception  of  living  bones. 
>ne  is  a  living  tissue,  that   is  subject  to 
Lit;>ses  and  strains  and  to  which  it  progres- 
!  ively  undergoes  adaptation. 
Moreover,  adventitious  bone  occurs  in  tis- 
ues  not  intimately  a  part  of  the  skeleton.    We 
nd  it  in  lymph  nodes,  arteries,  ovaries,  m  fact 
1  almost  anv  connective  tissue   structure   of 
he  body,  and  we  are  at  a  loss  to  explam  its 
ccurrence. 

Experimentally,  bone  has  been  produced  in 
nimals  by  ligating  the  vessels  of  the  kidney, 
vlicroscopic  sections  of  this  kidney  from  one 

"^ad  at  the  Annual   Meeting  of  the   Medical   Society  of  the 
tate   of   New   York,   at  Rochester,   April   22,    1924. 
tFrom    the   Laboratories    of    the   Department   of    Surgery,    Co- 
imbia   University,    College    of    Physicians   and    -Surgeons. 


to  two  months  later  show  areas  of  true  bone 
and  calcification  occurring  in  the  parenchyma 
Neuhoff,  working  in  the  laboratory  of  Surgical 
Research  at  The  College  of  Physicians  and 
Surgeons,  New  York,  found  bone  almost  uni- 
versally in  fascia  lata  transplants  that  he  had 
made  to  fill  a  defect  in  the  bladder. 

As  extraskeletal  bone  has  the  same  micro- 
scopic and  chemical  characteristics  of  skeletal 
bone,  we  must  produce  a  theory  of  bone  forma- 
tion, broad  enough  in  its  scope  to  include  em- 
bryonic bone  formation  ;  repair  of  bone  follow- 
ing injury  and  infection,  and  adventitious  bone. 
A  study  of  embryonic  bone  formation  and  of 
adult  bone  shows  that  it  is  a  connective  tissue 
structure  with  the  essential  characteristic  that 
it  has  its  extracellular  structure  impregnated 
with  calcium  salts.  Let  us  now  see  what 
occurs  when  a  bone  is  broken  and  attempt  to 
draw  deductions  from  our  observations  of  the 
process  of  repair. 

1  Description  of  gross  cfuingcs  in  a  frac- 
ture—FractMres  of  long  bones  are  caused  either 
bv  direct  or  indirect  violence.  A  fracture  by 
direct  violence  has  such  a  force  exerted  that 
muscles,  nerves  and  vessels  must  likewise  be 
traumatized.  A  fracture  due  to  indirect  vio- 
lence must  similarlv  injure  the  soft  tissues  by 
means  of  the  fractured  ends  of  the  bone  \\  e, 
therefore,  consider  a  fracture  not  only  a  broken 
bone  but  an  association  of  injuries  to  muscles, 
vessels  and  nerves,  and,  in  the  region  of  a  joint, 
possiblv  joint  injuries.  The  immediate  post- 
traumatic reaction  must  be  intense.  Hemor- 
rhac-e  occurs  throughout  muscle  bundles  and 
tends  to  follow  fascial  planes.  The  ecchyniosis 
so  frequentlv  seen  is  often  due  to  hemorrhage 
seining  through  various  planes  and  extending 
to  the  skin.  Between  the  fractured  ends  there 
is  extensive  hemorrhage.  If  the  periosteum  is 
not  torn,  this  mav  be  limited  by  it,  but  in 
fractures  wherein  displacement  occurs,  the  per- 
iosteum is  usually  torn  and  extensive  hemor- 
rhage extends  from  the  bone  ends.     Edema,  a 


natural    sequence   of   local    chemical    irritation 
as  in  heniorrhagfe  and  laceration  of  lymphatics 
then  also  occurs.     Clinically,  we  often  see  the 
tremendous   swelling-  of  a   limb   a  short   time 
after  injury.     If  a  fracture  is  explored  four  or 
live  days  after  injury  there  is  a  beginning-  or- 
ganization of  the  blood  clot.    At  about  ten  tlays 
one  finds  a  thick  gluey-like  material — the  early 
callus — which  joins  the  bone  ends  and  injects 
adjacent   muscle  bundles.     This  callus  has  a 
peculiar    consistency.      If    a    rabbit's    bone    is 
broken  and  not  treated  so  that  the  ends  over- 
lap, we  have  found  on  cutting  down  on  the 
bone  at  the  eml  of  seven  days  and  excising  the 
surrounding  muscles  that  the  ends  can  be  freely 
moved  in  a  lateral  direction,  but  it  is  almost 
impossible  to  draw  these  ends  so  that  the  over- 
riding is  obliterated.     We  have  here  then  only 
the  factors  of  the  gluey  callus  because  the  mus- 
cles have  been  excised  and  muscle  spasm  has 
been   eradicated.      This   experiment   shows   us 
why  so  often  it  is  impossible  with  the  patient 
under  an  anesthetic  to  reduce  the  existing  de- 
formity.     A    steady    traction    exerted    over    a 
considerable  period  of  time  will  overcome  this. 
If,  in  the  above  experiment,  this  callus  is  cut 
into  and  scraped  with  a  knife  one  feels  dis- 
tinctly gritty  particles.     This  is  the  beginning 
ossification  of  the  connective  tissue.     In  about 
a   month   one   finds   on   exposing  the   fracture 
that  the  signs  of  hemorrhage  into  the  muscles 
have  largely  disappeared.     The  exuberant  cal- 
lus has  been  absorbed  and  around  the  fracture 
ends  one  finds  an  ovoid  firm  mass  which  cuts 
with  difficulty,   and   in   favorable   cases,   only 
slight  motion   can   be  detected  between  frac- 
ture ends.    As  repair  progresses,  the  callus  as- 
>umes  more  the  natural  shape  of  the  bones  and 
union  occurs. 

2.  Microscopic  changes  in  fracture. — Imme- 
•  liatcly  following  fracture,  blood  clot  is  seen 
between  the  fractured  ends.  At  about  five  days 
there  has  been  contraction  of  the  fibrin  and 
early  granulation  tissue  is  seen  growing  in 
from  the  periphery  of  the  clot.  Even  at  this 
stage  one  can  see  areas  of  denser  staining  in 
certain  areas  of  the  granulation  tissue  which  is 
apparently  beginning  deposition  of  calcium 
salts  on  the  intercellular  stroma.  At  about 
ten  days,  connective  tissue  is  well  organized 
and  there  are  numerous  new  blood  vessels.  In 
the  perivascular  areas  one  can  see  very  definite 
osteoid  tissue.  At  this  stage  there  is  quite  a 
definite  arrangement  of  blood  vessels,  areolar 
tissue  and  osteoid  tissue.  The  arrangement  is 
somewhat  like  the  lobules  of  the  liver  ;  erne  finds 
blood  vessels,  surrounding  them,  an  area  of 
areolar  tissue  and  at  the  periphery  of  this, 
osteoid  tissue.  Xo  specific  cell  can  be  identi- 
fied. There  is  a  gradual  transition  in  the  ap- 
pearance of  the  cells  from  connective  tissue  to 
osteoid  tissue  to  bone.     Figs.  4  and  6. 
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I'iG.    4.      Seventeen    day    callous     following    fran 
Shows  deposition  of  calcium  salts  on  the  avasculan 
in  early  connective  tissue. 


Fk;.  6.  High  power  view  of  Fig.  5.  A — End  of  fra 
tured  shaft  showing  atrophy  at  end  with  absence  of  boi 
nuclei.  Ij — New  bone  formation  in  the  connective  ti 
sue.  C — Areolar  connective  tissue  with  new  forni< 
blood  vessels. 


Vhere   the    periosteum   has    been   torn   the 

le  arrangement  of  osteoid  tissue  can  be  seen 

ending  out  into  the  muscles.     Occasionally 

sees    areas    of    hyalin    or   fibro   cartilage. 

ictly  what   is   the   significance   of   the  carti- 

;  is  difficult  to  state.     The  theory  has  been 

anced  that  where  there  is  false  motion,  car- 

ge  forms  in  the  early  process  of  repair.  Here 

jin  one  finds  transitions  of  connective  tissue 

iS,  cartilage  cells  and  bone  cells.    At  the  peri- 

ry  of  the  mass  it  is  difficult  to  tell  where 

,  Dnnective  tissue  cell  ends  and  cartilage  cells 

jiin,  or  where  cartilage  cells  end  and  bone 

^s  begin.     Figs.  1,  2  and  3. 
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ir.  1.    Early  bone  formation  following  fracture.     A — 

rtilage.    B — New  bone.    C — Connective  tissue.    Grad- 

transitions  are    observed   from   connective   tissue  to 

tilage,  from  connective  tissue  to  bone,  and  from  car- 

jge  to  bone.     No  distinctive  cell  seen. 

Marked  changes  are  noted  in  the  ends  of  the 
ctured  bones.    The  nuclei  are  absent  in  many 

the  bone  lacunae  and  there  are  numerous 
ge  spaces  in  the  ends  of  the  bone  which  are 
parently  due  to  absorption  of  both  matrix 
d  cells.  This  atrophy  of  the  bone  ends  is 
ite  a  noticeable  factor,  and  one  that  has  not 
en  sufficiently  emphasized.     Sections  taken 

later  periods  show  the  lobula  arrangement 
scribed  in  early  callus  but  the  osteoid  is  in- 
cased at  the  expense  of  the  areolar  tissue, 
lis  continues  until  a  definite  Haversian  canal 
stem  appears.  Calcium  is  apparently  re-ab- 
rbed  from  the  excessive  exuberant  callus  seen 

the  early  r.ections  and  scar  tissue  results. 
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Fig.  2.  Curettings  removed  from  fracture  of  humerus 
in  human  twelve  days  after  injury.  A — Fibro-cartilage. 
B — Early  bone.    C — Connective  tissue. 


Fig.  3.  Ossification  occurring  in  the  midst  of  muscle 
fibers  twelve  days  following  a  fracture  of  the  hurnerus 
in  an  adult.  A — Ossification  occurring  in  cartilage. 
B — Early  bone.  C — Connective  tissue.  D — Degenerating 
muscle  fibers. 


Sections  taken  several  niontlis  after  injury 
show  the  re-establishment  of  the  medullary 
canal  and  definite  cortical  bone,  which  is,  how- 
ever, of  less  density  and  contains  more  spaces 
for  connecti\e  tissue  than  the  normal  cortical 
bone.     Fie.  5. 


Flo.  o.  Comrniinueii  iracture  tjt  radius  and  ulna  in 
rabbit  fourteen  days  after  injury.  A — Interosseus  mem- 
brane. B — Medullary  canal  of  radius  with  cortex  on 
either  side.  C — New  bone  forming  in  connecting  tissue 
following  hemorrhage  around  the  fractured  ends  and 
across  the  medullary  canal.  D — Detached  bone  frag- 
ments surrounded  by  new  bone  formation.  E — Medul- 
lary canal  of  ulna. 

The  tendency  of  the  Haversian  canals  at  the 
zone  of  the  fracture  is  to  run  at  right  angles  to 
the  cortex  rather  than  parallel  to  it  as  in  the 
normal.  This  is  presumably  due  to  the  fact 
that  the  new  blood  vessels  growing  into  the 
original  granulation  tissue  were  derived  from 
the  surrounding  soft  tissues  and  grew  in  this 
direction.  The  re-alignment  of  the  vessels  of 
the  cortex  probably  does  not  take  place  until 
after  a  year.  Where  areas  of  periosteum  have 
been  stripped,  a  fibrous  tissue  membrane  sur- 
rounds the  bone,  but  it  differs  from  the  normal 
periosteum  in  that  it  has  not  the  areolar  tissue 
in   the  immediate  proximity  of  the  cortex. 

In  cases  where  there  has  been  marked  com- 
minution of  the  bone,  it  is  a  well  known  clinical 
observation  that  there  is  a  much  greater  output 
of  callus  than  in  a  linear  fracture. 

3.  Physico-chemical  theories  of  hone  re- 
pair.— Rowland  and  Kramer  found  that  the 
serum  in  tissue  fluids  of  normal  infants  contain 


phosphate  in  a  nearly  saturated  solution, 
slight  reduction  of  the  acidity  of  the  tissue  fl" 
at  a  point  in  which  the  cartilage  is  in  close  o 
tact  with  the  circulation  from  the  bone  marr 
reduces  the  solubility  of  these  salts  result) 
in  their  precipitation.  As  a  result  of  the  fo 
going  work  and  also  from  the  study  of  calcii 
l^hosphate  concentration  in  the  scnum  of  ra< 
itic  infants,  Tisdall  and  Harris  tried  to  find 
the  same  fundamental  principals  applied  w 
the  deposition  of  calcium  salts  in  the  treatmt 
of  fractures.  They  found  that  in  children  fn 
4  months  to  9  years  there  was  5.4  mg.  of  phi 
phorous  to  100  cc.  of  blood  serum  and  that 
adults  from  20  to  44  years,  there  were  3.8  n 
of  phos.  to  100  cc.  of  serum — a  decrease 
1.6  mm.  Studying  adults  with  fractures,  th 
found  that  the  calcium  content  remains  abc 
the  same  but  that  the  phosphate  is  increas 
from  3.8  mg.  to  5.3  mg.  This  returns  to  norn 
at  about  8  weeks  after  fracture.  In  two  caj 
of  non-union  both  the  calcium  and  phosphorc 
were  only  slightly  increased. 

When  a  bone  is  broken  a  certain  amount 
tissue  is  damaged  and  more  or  less  blood 
extravasated,  coagulated  and  autolysed.  It  h 
been  shown  experimentally  that  these  si 
stances  can  take  calcium  from  the  broken  en 
of  the  bone  so  that  the  soft  tissues  about 
fracture  are  richer  in  calcium  than  normal  t 
sues.  It  has  also  been  shown  that  the  ph< 
phate  content  of  the  blood  during  the  proce 
of  repair  is  greater  than  at  other  times. 

These  calcium,  phosphate  and  carbonate  io 
are  free  in  the  acid  medium ;  that  is,  they  a 
in  solution.  With  the  growth  of  granulati 
tissue  and  the  formation  of  the  hyaline  matr 
of  the  newly  formed  trabeculae,  these  ions  enl 
the  trabeculae  and  become  concentrated  the: 
It  must  then  be  supposed  that  the  hydrogi 
ion  concentration  within  the  trabeculae 
lowered,  that  is,  it  becomes  more  alkalir 
When  this  reaches  a  certain  point  below  th 
of  blood  plasma,  ionization  occurs  and  trip 
calcium  phophate  and  calcium  carbonate  a 
precipitated  as  insoluble  salts. 

We  may  assume  from  the  above  study  of 
fractured  bone  that  the  individual  cell,  the  s 
called  osteoblast,  has  very  little  to  do  wi 
bone  production.  Calcium  salts  are  apparent 
deposited  on  the  extracellular  elements  of  CO: 
nective  tissue  through  some  physico-chemic 
process.  The  fibroblast  then  becomes  a  boi 
cell.  The  periosteum  with  its  areolar  tfssi 
and  numerous  small  blood  vessels  is  undoub 
edly  the  best  structure  for  bone  formation,  b 
it  is  not  the  only  structure  that  may  form  boi 
as  our  study  of  extraskeletal  bone  shows. 

It  is  an  interesting  observation  that  as  f 
as  we  know,  the  processes  of  calcification  ar 
ossification    are    physico-chemically    simila 


ae  only  difference  is  that  in  the  case  of  ossi- 
ation,  we  are  dealing  with  precipitation  of 
ese  salts  about  living  cells  and  with  a  free 
rculation  in  the  immediate  vicinity,  while 
ith  calcification  there  are  no  living  cells  and 
ere  is  no  active  circulation  in  the  calcified 
)iie. 

4.  From  the  gross,  microscopic  and  physico- 
lemical  findings  we  may  summarize  the  pro- 
iss  of  repair  of  fracture  as  follows : 

a.  Immediate  result  of  fracture  is  a  hemor- 
lage  which  may  extend  into  muscles,  fascia 
nd  skin. 

b.  Organization  of  the  blood  clot  occurs  by 
igrowth  of  connective  tissue. 

c  Calcium  salts,  calcium  phosphate  and  Gal- 
ium carbonate  are  deposited  on  the  connective 
issue  stroma  in  the  perivascular  areas.  These 
alts  are  carried  in  the  blood  system  partly  by 
oUoids  and  partly  by  carbon  dioxide.  The 
hange  of  the  hydrogen  ion  concentration  in 
he  vicinity  of  a  fracture  with  a  decrease_  in 
he  acidity  apparently  causes  their  precipita- 

ion.  .  ,  M 

d  The  supply  of  calcium  salts  apparently 
■omes  from  two  sources;  (1)  from  the  circu- 
ating  blood  and  (2)  from  the  fractured  ends 
jf  the  bone  by  a  process  of  demmeralization 

md  atrophy. 

Discussion. 

In  our  treatment  of  fractures,  in  addi- 
tion to  the  purely  mechanical  replacement  of 
fracture,  we  must  attempt  to  influence  body 
metabolism  and  to  aid  the  repair  of  the  sott 
tissues  injured  at  the  time  of  fracture. 

Clinical  deductions. -\.  A  fracture  should  be 
replaced  immediately  after  injury.  Ihe  delay 
awaiting  the  development  of  X-ray  plates  be- 
fore reducing  a  fracture  is  often  dangerous. 
The  hemorrhage  and  resulting  edema  interfere 
markedly  with  attempts  at  replacement.  In 
our  physical  examination  of  a  patient  with 
fracture,  gentleness  should  be  our  first  thought. 
Whenever  we  elicit  crepitis,  we  increase  hem- 


orrhage and  this  interferes  with  reduction. 
A'loreover,  numerous  attempts  at  reduction  are 
apt  to  interfere  with  eventual  union,  as  too 
much  tissue  destruction  with  the  acid  products 
resulting  therefrom,  delay  the  deposition  of 
calcium  salts. 

2.  Great  care  should  be  used  in  the  appli- 
cation of  retentive  apparatus.  Splints  applied 
too  tightly  traumatize  the  soft  parts  and  may 
cause  muscle,  nerve  and  vessel  injuries.  It 
the  circulation  is  interfered  with  by  too  much 
external  pressure  the  ingrowth  of  granulation 
tissue  is  hindered  and  ossification  will  be  de- 
layed On  the  other  hand  if  our  retentive  ap- 
paratus allows  too  great  mobility  ot  the  frag- 
ments granulation  tissue  will  be  constantly 
injured  and  ossification  interfered  with.  In 
the  treatment  of  every  fracture  the  first  few 
days  are  the  most  important  for  success. 

3  We  should  all  pay  more  attention  to 
the  general  hygiene  of  the  patient.  Sunlight 
and  diet  have  been  shown  to  be  big  factors  in 
influencing  the  calcium  and  phosphate  content 
of  the  blood.  In  certain  cases  of  delayed  union, 
yellow  phosphorous,  cod  liver  oil  and  calcium 
lactate  have  apparently  aided  osteogenesis. 

4  Early  active  motion  and  massage  by 
stimulating  blood  su-pply  aid  definitely  the 
production  of  callus.  Late  adhesions  of  mus- 
cle, fibrosis  of  muscle  and  adhesions  in  joints 
following  fractures  are  avoided. 

5  Fractures  in  children  dififer  essentially 
from  those  in  adults  in  that  anatomical  dis- 
placements of  fractured  ends  often  unite  with- 
out resultant  deformity.  In  children  bone  is 
much  more  pliable  than  in  adults  and  fractures 
occur  when  bone  growth  is  active.  The  studies 
of  late  results  show  that  often  where  there 
has  been  over-riding  of  one  to  two  inches, 
X-rays  taken  one  or  two  years  later  show  no 
shortening  and  it  is  often  impossible  to  see 
the  line  of  fracture.  If  we  bear  these  facts  in 
mind  many  unnecessary  open  operations  on 
children  will  be  avoided. 
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^HE  desire  to  cure  or  prevent  traumatic 
epilepsy  has  led  neurological  surgeons 
to  employ  a  bewildering  variety  of  im- 
plants into  dural  and  cranial  defects.  Drever- 
mann  (4)  has  summarized  these  efforts  at 
some  length.  Widespread  discussion  of  this 
problem  particularly  since  the  beginning  of 
the  war  in  1914  has  demonstrated  great  vague- 
ness of  thought  as  regards  its  underlying 
pathology.  Experimental  investigations  of  the 
viability  of  various  transplants  are  plentiful, 
but  careful  histological  studies  are  rare  and 
studies  of  the  process  of  ''wound  healing"  in 
the  brain  still  rarer.  The  following  communica- 
tion deals  particularly  with  the  mechanism  of 
adhesions,  changes  in  different  types  of  neu- 
roglia-cells  being  ignored  for  the  present. 

TECHNIQUE 

One  set  of  experiments  was  carried  out  on  a 
series  of  dogs  in  the  winter  of  1922-23  ap- 
proximately as  follows:  The  lateral  aspect  of 
the  cerebral  cortex  was  exposed,  with  aseptic 
precautions,  by  turning  down  a  large  bone  flaj:) 
and  excising  the  underlying  dura.  A  similar 
exposure  was  then  made  of  the  opposite  cere- 
bral cortex.  On  the  cortex  of  one  side  were 
placed  a  square  of  celluloid  and  a  square  of 
celloidin^  side  by  side,  held  in  place  by  a  silk 
suture  fastened  to  the  margins  of  the  dura.  A 
puncture  wound  was  made  into  the  brain  be- 
tween the  squares  and  in  some  cases  wounds 
were  made  so  as  to  be  covered  by  the  squares. 

In  the  cortex  of  the  opposite  cerebral 
hemisphere  a  wound  of  loss  of  substance  was 
made  with  a  scalpel  and  squares  of  fat,  ex- 
cised dura  and  fascia  placed,  in  order,  over 
the  wound  and  held  there  as  though  on  a 
clothesline  by  a  silk  suture  fastened  to  dura 
in  front  and  back.  A  cuff  of  celloidin  was 
folded  about  the  margin  of  excised  dura  on 
one  side  or  the  other.  Both  bone  flaps  were 
then  replaced  and  each  fixed  to  the  skull  by 
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a  silver  wire  bone  suture,  or  silk  sutures  in 
the  periosteum.  In  two  of  the  ten  animals  in 
this  series,  decompression  openings  only  were 
made,  leaving  the  defect  in  the  bone. 

In  the  following  year  these  experiments 
were  supplemented  by  a  second  series  of  dogs. 
Either  a  bone  flap  was  made  on  one  side  and 
decompression  done  on  the  other  or  a  bilateral 
decompression  was  done.  Stab  wounds  and 
implantations  of  strips  of  dura  were  made  into 
the  brain,  or  grosser  wounds  of  the  cortex  were 
made  and  covered  with  sheets  of  fascia  or 
fascia  and  fat  which  were  sutured  into  the 
dural  defect.  Thus  on  most  of  the  twenty 
animals  used  two  separate  operations  were 
done  each  of  which  served  as  a  control  for  the 
other. 

One  animal  died  with  an  operati\e  infection 
and  one  on  the  second  day  from  postoperative 
haemorrhage.  In  one  there  was  leakage  of 
cerebrospinal  fluid  and  this  one  was  sacrificed 
early.  The  remaining  17  animals  recovered 
perfectly  after  oj^eration  and  were  killed  at 
different  intervals  up  to  7  months  by  anaesthe- 
sia and  perfusion  of  the  carotid  with  10  per 
cent  formalin  in  normal  saline  solution. 

The  method  of  postmortem  examination  is 
of  importance.  If  the  skull  cap  be  removed 
in  the  usual  way  or  direct  dissection  be  at- 
tempted, it  is  well-nigh  impossible  not  to 
break  adhesions  between  the  brain  and  its 
covering.  After  the  above  fixation  a  saw  cut 
was  made  parallel  to  the  tentorium  and  just 
above  it.  and  another  slanting  back  and  down- 
ward through  the  anterior  part  of  the  frontal 
lobes.  When  these  two  cuts  met  a  wedge- 
shaped  piece  of  skull  and  brain  could  be  re- 
moved containing  the  field  of  both  oj)erations 
intact.  In  the  case  of  a  decomjiression  a  deep 
incision  was  then  carried  around  the  rim  of  the 
bone  defect  so  that  a  cylinder  containing 
brain  membranes  and  muscle  could  be  re- 
moved witht)ut  disturbing  the  relations  of 
these   structures.      The   exact   extent  of   ad- 
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i  ;;.  I  .  ^i.criment  lo.  Mallor>'s  neuroglia  stain. 
Longitudinal  section  of  the  tract  of  a  ventricular  needle 
pa5S^  into  the  ventricle  7  months  previously.  c.L.  Con- 
nective tissue  in  the  tract.  Empty  spaces  and  rarefied 
tissue  lined  by  a  condensation  of  lilia  fibrils. 

hesions  could  thus  be  sct-n  in  the  gross  and 
their  nature  studied  in  microscopic  sections. 
In  the  case  of  bone  flaps  the  brain  was  usually 
dissected  away  from  the  under  surface  of  the 
cranial  vault  until  the  bone  flap  was  ap- 
proached. Then  by  gentle  retraction  the  de- 
gree of  adhesion  and  the  nature  of  membranes 
between  bone  and  brain  could  be  made  out 
and  secured  for  section. 

The  blocks  of  brain  with  undisturbed  cover- 
ings were  embedded  and  cut  in  celloidin  for  the 
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Fig.  3.  lligiicr  power  pliuluinicitjgraph  uf  fiLld  drawn  in 
Figure  2  to  show  the  connective-tissue  core  and  surround- 
ing glia  condensation. 
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Fig.  2.    Experiment  10,  Hx-matoxylin  and  Van  Gieson.  Fig.  4.    Case  g.    Maliory's  neuroglia  slain.     Lining  of 

Bottom  of  laceration  made  with  scalpel  7  months  previous-  empty  tract  left  by  passage  of  small  ventricular  needle  7 

ly.    Loose  net-work  of  connective  tissue  in  the  tract  and  months  before.     Membrane  of  glia  fibrils. 
entering  the  brain. 
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Fig.  5.  Experiment  7.  Hematoxylin  and  Van  Gieson. 
The  newly  formed  dura,  d.6g  days  after  simple  decompres- 
sion, is  free  from  arachnoid,  a.  except  at  one  point. 

most  part.  These  sections  were  stained  by 
Mallory's  Phosphotungstic  acid  hematoxylin 
method  for  neurogha,  Nissl's  method  for  nerve 
cells  and  Van  Gieson  and  Mallory's  methods 
for  connective  tissue.  It  was  also  found  to  be 
possible  to  cut  good  sized  sections  after  freez- 
ing the  properly  fixed  blocks.    Thus  blocks 


Fig.  7.  Experiment  13.  Cajals  ncuroglfa  method. 
Photomicrograph  showing  superficial  gliosis  and  adhesion 
about  small  stabs,  s. 

were  fixed  in  a  solution  of  15  per  cent  neutral- 
ized formalin  and  2  per  cent  ammonium 
bromide.  After  the  length  of  fixation  called 
for  by  the  ditTerent  methods  sections  were  cut 
from  each  block  and  the  block  returned  to  the 
fixative.  Thus  sections  of  the  same  block  were 
stained  by  a  number  of  different   methods: 


Fig.  6.     Experiment  13.     .Achucarro's  method,  fourth  variant,     rhotomicrograph  showing  conditions  92  days  after 
decompression  with  removal  of  dura.    Circumscribed  adhesion  to  superhcial  gliosis,  g. 
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Fig.  S  Kxijeriment  13.  High  power  photomicrograph 
A  same  specimen  as  shown  in  Figure  7.  Neuroglia  black. 
Dura  unstained. 

Cajal's  gold-sublimate  mcthcxl  (i)  for  fibrous 
and  protoplasmic  neuroglia,  Rio  Hortega's 
fourth  variant  of  Achucarro's  tannin  method 
lor  neuroglia  (3).  Rio  Hortega's  silver  carbon- 
ate methods  (9,  10)  for  microglia  and  for 
tibrous  and  protoplasmic  glia.  It  was  possible 
to  stain  sections  from  these  blocks  by  the 
harmatoxylin  and  Van  Gieson  method  and 
specific  methods  for  fat  as  well. 

BR.^lN    WOUNDS 

Brain  wounds  do  not  heal  in  the  sense  of 
reproduction  of  parenchyma  but  certain 
progressive  changes  are  observed.  Six  days 
after  the  removal  with  a  scali)el  of  a  small 
area  of  cerebral  cortex,  fibroblasts  and  a  few 
new  vessels  were  to  be  seen  in  the  blood  clot 
between  the  replaced  bone  flap  and  injured 
area  of  brain.  There  were  also  present  numer- 
ous large  round  cells  two  to  three  times  the 
diameter  of  a  red  blood  cell  fgranulo-adipose 
cells  or  Gitterzellen).  The  cytoj)lasm  of  these 
cells  contains  many  small  round  fat  droplets 
as  shown  by  specific  fat  stains.  Occasionally 
the  vacuoles  are  large  and  then  the  nucleus 
which  is  t>'pically  near  the  cell  membrane 
is  apt  to  be  flattened  against  it.  The 
cells  mav  be  seen  at  times  on  the  outer  sur- 


l"ig.  g.  K.xperimcnt  7.  II;c'nialt).\yliii  ami  \'an  (lieson. 
Low  power  photomicrograph  showing  the  connective-tissue 
einclopc  which  formed  about  a  piece  of  celluloid  placed 
between  brain  and  temi)oral  muscle  6q  days  before  auto])sy. 
The  i)iece  of  celluloid  has  ijeen  remo\ed  from  the  slit. 

face  of  blood  vessel  walls  laden  with  fat 
droplets.  Nineteen  days  after  a  similar  wound 
this  process  of  phagocytosis  was  going  on 
activelv  and  the  nuclei  consistently  flattened 
against  the  cvW  i)crij)hcry.  These  phagocytes 
are  in  reality  microglia  cells  in  an  amoeboid 
form  as  demonstrated  by  the  Spanish  in- 
vestigator, Rio-Hortega.  After  several  months 
some  wounds,  even  deep  ones  as  stab  wounds, 
contained  none  of  these  phagocytic  cells,  if 
they  may  be  called  so,  while  in  other  cases 
they  continued  to  be  plentiful  even  as  long  as 
7  months  after  a  simple  incision. 

In  addition  to  the  formation  over  the  surface 
of  the  brain  of  a  new  dura  by  fibroblastic 
jiroliferation,  fibroblasts  were  early  found  in 
{)rain  wounds  themselves  forming  a  loose  net- 
work at  the  site  of  injury  from  which  the 
brain  elements  were  disappearing  (Fig.  i). 
These  connective  tissue  strands  may  be  so 
sparsely  scattered  as  to  seem  to  be  suspended 
in  fiuid  (Fig.  2).  Phagocytes  may  be  present 
and  a  few  ves.sels.  At  the  surface  such  a  net- 
work is  continuous  with  the  overlying  dura.  In 
Case  18,  stabs  were  made  with  a  cannula,  the 
size  of  a  small  lumbar  puncture  needle,  into 
the  parietal  lobe  and  the  bone  flap  replaced. 
Four  months  after  operation,  on  lifting  the 
skull  from  the  brain,  thread-like  cores  about  i 
centimeter  in  length  attached  to  the  bone 
were  withdrawn  from  the  holes.  These  fibrous 
threads  (Fig.  3)  seem  to  have  a  loose  structure 
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when  seen  through  the  microscope,  yet  they 
are  possessed  of  considerable  tensile  strength 
and,  thanks  to  their  firm  attachment  to  the 
overlying  fibrous  meninx,must  be  capable  of  a 
considerable  pull  upon  the  brain  tissue  about 
the  tract  (Fig.  2). 

If  a  narrow  strip  of  dura  is  freed,  leaving  its 
base  attached,  and  if  the  free  end  is  then 
buried  in  brain,  the  condition  at  autopsy  is 
found  to  be  much  the  same,  except  that  the 
dura  strip  retains  its  compact  formation  un- 
changed and  completely  fills  the  tract.  Into 
rarefied  areas  along  the  tract  a  loose  network 
of  fibroblasts  may  be  seen  to  pass  from  the 
implant. 

As  early  as  the  sixth  week  after  an  incision, 
it  is  found  to  be  bounded  by  a  loosely  inter- 
lacing layer  of  neuroglia  fibrils.  In  Cases  9 
and  10,  7  months  after  incision,  there  appeared 
a  denser  brush  of  neuroglia  fibrils  surrounding 
the  areas  of  loss  of  substance.  The  deeper 
wounds  were  sometimes  found  to  be  represent- 
ed by  empty  tunnels.  In  some  cases  the 
neuroglia  fibrils  formed  a  sort  of  superficial 
limiting  membrane  to  the  tunnels  (Fig.  4); 
in  others  the  membrane  was  more  dift'use 
(Fig.  3).  The  cellular  structure  of  the  gha 
varied  considerably.  The  layer  of  fibrils  about 
the  tracts  of  puncture  wounds  contained  very 
few  nuclei.  Beneath  this  in  many  areas  could 
be  seen  marked  neuroglia  hypertrophy  and 
hyperplasia. 

By  means  of  differential  stains  for  connective 
tissue  and  neuroglia,  it  was  shown  that  some 
of  the  wound  tracts  were  free  of  connective 
tissue  and  were  in  fact  empty,  while  others 
contained  loosely  branching  connective  tissue 
which  interlaced  with  a  loose  brushwork  of 
glia  fibrils. 

Changes  in  nerve  cells  were  absent  even 
close  to  a  brain  wound.  In  some  cases,  how- 
ever, evidences  suggesting  a  destructive  proc- 
ess were  present  even  as  late  as  the  seventh 
month.  Phagocytes  were  present  in  the 
neuroglia  brushwork  and  adjacent  nerve  cells 
showed  some  tendency  to  chromatolysis.  In 
experiment  11,  five  weeks  after  operation, 
Nissl  stains  showed  next  to  each  stab  wound 
the  usual  narrow  zone  of  tissue  which  stained 
faintly.  In  some  sections  the  cytoplasm  of 
neurones  near  this  area  stained    faintly   al- 
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Fig.  10.  Experinu'iit  10.  Ha-maloxylin  and  \'an  Gieson. 
Membrane,  m,  which  formed  between  celloidin  and  brain 
wound.  Connective-tissue  strands,  <"./..  enter  rarefied  areas 
of  brain  and  phagocytes,  />//,  arc  still  present  7  months 
after  operation. 

though  the  position  of  the  nuclei  was  normal. 
In  other  sections  there  was  frank  chromato- 
lysis, some  cells  being  swollen,  with  nuclei  at 
the  periphery  and  cytoplasm  ojxique. 

A  deep  brain  wound  does  not  heal  in  the 
sense  of  healing  elsewhere  in  the  body.  The 
neurones  disapjiear  about  the  injured  area. 
There  is  apparently  a  long  continued  phago- 
cytosis. Ai)parent  condensati()n  of  neuroglia 
fibrils  may  take  j^lace  and  a  cavity  may  re.^ult. 
Along  the  tract  of  injury  connective  tissue 
usually  extends  from  the  surface  where  it  is 
continuous  with  the  connective  tissue  covering 
the  brain. 

DIK.V    KKP.MK    AND    SUPERFICI.\L    ADHESIONS 

Regrowth  of  a  membram-  resembling  dura 
beneath  a  deconijiression  opening  has  been 
demonstrated  in  recent  experiments  by  Sayad 
and  Harvey  (11).  As  those  authors  point  out, 
this  has  long  been  recognized  by  neurological 
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Fig.  II.     K.xperimeni   i.     Hit-malo.xylin  and  \'an  (iicson.    Transplant  of  fascia  lata,  j,  to 
bone  tiap.     Si.x  days  after  operation  fibroblastic  layers,  c.L,  already  present  on  both  sides. 


^urlan'  of  brain  beneath 


surgeons.  The  growth  of  the  membrane  is 
rapid.  It  is  not  adherent  to  the  underlying 
arachnoid  (Fig.  >,)  and  the  cells  with  which  it 
lines  the  sub-dural  space  resemble  the  arach- 
noid cells  which  line  that  cavity. 

When  a  bone-flap  operation  is  done  the 
conditions  are  somewhat  different.  In  the 
first  place  vascularization  must  come  from  the 
side  or  beneath,  not  from  the  covering.  Also 
the  factor  of  movement  is  largely  eliminated. 
.\  membrane  does  form,  adherent  to  the  bone 
flap  and  free  from  uninjured  brain.  liut  it  is 
much  thinner  than  that  which  forms  beneath 
the  scalp  and  temporal  muscle.  The  sheet  of 
tissue  varies  a  good  deal  being  thicker  over  a 
laceration  and  much  thicker  over  a  foreign 
body. 

If  there  has  been  injury  to  the  brain,  ad- 
hesions form,  no  matter  what  the  covering.   If 


the  injury  is  a  gross  one  causing  brain  destruc- 
tion the  adhesions  are  composed  of  connective 
tissue  strands  entering  the  injured  areas  as 
described  elsewhere  in  this  communication. 
Adhesions  however  may  occur  in  the  vicinity 
of  larger  injuries  or  at  the  site  of  a  very  small 
superficial  injury.  The  adhesion  shown  in 
Figure  6  corresponds  to  a  circumscribed  super- 
ficial gliosis  (Fig.  6,  G).  There  is  no  evidence 
of  actual  wound.  Figure  7  shows  a  localized 
adhesion  in  the  same  case.  Here  a  glia  increase 
can  be  seen  to  center  about  a  small  stab  and 
about  this  area  the  dura  is  adherent.  Figure  8 
shows  the  nature  of  the  same  adhesion  more 
highly  magnified.  The  c(;nnective  tissue  is 
unstained.  The  silver  im])regnation  demon- 
strates the  entrance  of  the  neuroglia  fibrils  in- 
to the  overlying  connective  tissue  and  throws 
light  on  the  mechanism  of  adhesion. 
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Fig.  12.  Experiment  8.  Canalization  of  thrombosed 
artery  in  fascia  which  had  been  transplanted  to  the  surface 
of  the  brain  four  months  before  autopsy. 


THE    BRAIN    UNDER    FOREIGN    BODIES 

When  a  sheet  of  celluloid  or  celloidin^  was 
placed  over  the  intact  surface  of  the  cerebral 
cortex  no  changes  were  observed  in  the  under- 
lying neurones  nor  w^as  there  any  evidence  of 
a  difTuse  alteration  in  the  neuroglia.  In  areas 
where  the  foreign  body  pressed  upon  brain  as 
at  an  edge  there  resulted  some  thickening  of 
the  superficial  layer  of  glia. 

There  was  a  response  to  the  presence  of  the 
foreign  body  on  the  surface  of  the  brain  how- 
ever. It  was  rapid  and  intense,  but  meso- 
dermal in  character.  There  formed  a  dense 
covering  of  connective  tissue  on  all  sides 
which,  at  the  end  of  four  weeks  offered  firm 
resistance  to  section  and  later  seemed  as  hard 
as  cartilage  (Fig.  g).  The  connective  tissue 
sheet  opposed  to  each  surface  of  celluloid  was 
pearly  white  and  glistening,  the  external  sheet 
being  adherent  to  overlying  bone,  in  the  case 
of  a  bone  flap,  or  to  muscle  in  the  case  of  a 
decompression.  The  inner  sheet  seems  to  have 
left  the  arachnoid  membrane  intact  although 
the  pia-arachnoid  spaces  may  at  times  have 
appeared  to  be  obliterated  by  pressure. 

'This  has  been  shown  by  W.  C.  Clarke  (2)  to  be  among  the  le.ist  irri- 
tating of  foreign  bodies. 


Fig.  13.  Experiment  i.  Ha?matoxylin  and  Van  Gieson. 
Growth  of  fibroblasts  beneath  fat  6  days  after  it  had  been 
transplanted  to  surface  of  brain. 

When  a  thin  sheet  of  celluloid  or  celloidin  is 
placed  over  a  fresh  brain  laceration  there 
forms  rapidly,  as  described  above,  a  dense 
connective  tissue  covering.  The  under  cover- 
ing (Fig.  10)  is  continuous  with  the  connective 
tissue  strands  which  pass  downward  into  the 
laceration  to  interlace  eventually  with  the 
neuroglia  brushwork.  The  presence  of  the 
non-absorbable  foreign  body  over  the  wound 
does  not  seem  to  alter  conditions  except  that 
two  dense  sheets  of  connective  tissue  like  a 
bur.sai  cavity  arc  substituted  lor  the  one  layer 
of  such  tissue  which  would  otherwise  overh'e 
the  wound  and  be  adherent  to  it  and  the  cover- 
ings above.  In  the  former  case  adhesion  is 
direct  between  brain  scar  and  skull  or  scalj). 
In  the  second  a  cavity  is  interi)()sed.  The 
reaction  to  celluloid  seems  It)  be  about  the 
same  as  to  celK)idin. 

THE    liK.M.V    UNDER    TK.\\SPI,.\\TS 

When  fascia  lata,  fat  or  an  excised  piece  of 
dura  is  transplanted  to  form  the  covering  over 
a  brain  laceration  there  is  rajiid  growth  of  new 
fibroblasts  in  the  blood  clot  about  the  trans- 
plant, and  down  toward  the  laceration.  There 
is,  as  a  result,  adhesion  to  the  brain  scar  and 
to  the  overlying  structure.  A  dense  layer  of 
connective  tissue  results,  and  in  this  layer  can 
be  recogni^ied  the  fibres  of  the  dura  or  fascia 
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transplant.  External  and  internal  to  the  trans- 
plant new  parallel  fibroblastic  layers  are  laid 
down  tangential  to  the  brain  surface  (Fig.  1 1 ). 
The  fascia  lived,  to  judge  from  the  staining 
reaction  of  its  cells,  and  in  several  cases 
•'canalized"  arteries  were  founil  in  the  trans- 
plant (Fig.  12). 

In  cases  where  the  fascia  was  sutured  to  the 
edges  of  the  dural  defect,  the  reaction  was  the 
same,  the  transplant  became  adherent  to  over- 
lying covering  and  was  densely  tVxed  to  any 
underlying  brain  scar.  Such  a  transplant  cer- 
tainly does  not  prevent  adhesions  although  in 
the  absence  of  brain  injury  it  may  nt)l  form 
them. 

When  fat  was  used  as  a  transplant  or  a  fat- 
fascia  sheet  was  sutured  into  the  gap  with  fat 
ne.xt  to  the  brain  as  is  so  ably  recommended 
by  Drevc-rmann  (4)  and  by  many  others,  the 
result  was  the  same.  There  rapidly  formed 
new  connective  tissue  all  about  the  fat  (Fig. 
13 ).  The  amount  of  fat  .seemed  to  decrease  and, 
in  some  cases  of  long  standing,  none  could  be 
found  remaining. 

SUMMARY 

After  a  simple  brain  wound  active  phago- 
cytosis continues  over  a  long  period  and  with 
it  progressive  disappearance  of  brain  structure. 
Neurones  adjacent  to  such  an  area  of  rarefac- 
tion mav  show  chromatolysis  as  late  as  seven 
months  after  operation.  Between  normal 
brain  structure  and  such  rarr-faction  is  found 
a  brush  work  of  neuroglia  cells  and  sometimes 
a  limiting  layer  of  neuroglia  fibrils.  In  the 
caNHty  is  found  a  loose  connective  tissue  net- 
work . 

Deep  adhesions  are  composed  of  connective 
tissue  threads  attached  to  dura,  or  its  sub- 
stitute, and  to  the  glia  brushwork  at  the  bottom 
of  the  brain  wound.  Superficial  adhesions  re- 
sult from  slight  injury  and  extend  s(jme  little 
distance  over  the  surface  of  the  brain  from 
the  point  injured.  These  adhesions  are  com- 
posed of  an  intcrlacementof  connective  ti.ssue 
fibrils  from  the  dura,  with  the  fibrils  of  a 
superficial  gliosis. 

The  thickness  of  the  new  or  adventitious 
dura,  formed  after  removal  of  the  old,  varies 
according  to  the  available  blood  supply. 
Movement  and  foreign  bodies  are  also  factors 


lo  be  considered.  The  dura  is  thick  after  a 
decomi)ression  operation  and  thin  beneath  a 
bone  llaj).   It  is  thicker  ox  er  a  brain  laceration. 

Placement  of  the  least  irritating  foreign 
bodies,  as  celloidin.  on  the  surface  of  the  brain 
causes  a  very  thick,  hard  connective  tissue 
envelope  to  form  all  about  it.  The  results  are 
the  same  even  when  there  is  no  wound  of 
brain  and  when  the  foreign  body  lies  beneath 
a  relatixely  non-vascular  bone  flap.  The 
layers  of  this  envelope  form  a  bursa-like  cavity 
jireventing  direct  adhesion  to  the  scalp  or 
skull.  Adhesion  between  brain  wound  and 
lower  layer  of  the  envelope  forms,  of  course,  as 
well  as  adhesion  between  upper  layer  and 
skull  or  scalp. 

Transplantation  of  various  tissues  to  the 
surface  of  the  brain  is  followed  by  rapid 
growth  of  a  layer  of  fibroblasts  above  and 
beneath  the  transplant.  Such  procedures  are 
useless  if  their  purpose  is  to  prevent  adhesions, 
for  fibroblasts  grow  wherever  the  conditions 
are  suitaljle  as  do  organisms  in  a  contaminated 
wound.  Thus  the  transplant  is  incorporated 
in  the  adhesion  of  brain  to  its  covering. 
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McCutcheon  has  reported  (1)  that  small  lymphocytes  kept  at  37°C'.  e.xhibit 
spontaneous  movement  which  increases  with  the  time  that  the  cells  are  kept 
outside  the  body.  McCutcheon  allowed  a  drop  of  blood  from  the  finger  tip  to 
spread  between  a  glass  slide  and  cover-slip.  Then,  surrounding  the  rim  of  the 
cover-slip  with  vaseline,  he  was  able  to  study  his  preparation  over  a  period  of  hours. 
The  figures  given  in  McCutcheon's  paper  show  that  with  this  technique  the  aver- 
age spontaneous  velocity  of  small  lymphocytes  increases  from  4  micra  per  minute 
during  the  1st  hour,  to  over  10  micra  per  minute,  reaching  15  micra  per  minute, 
after  they  were  outside  the  body  over  5  hours.  IMcCutcheon  does  not  state  what 
direction  of  movement  the  cells  took.  Nor  does  he  mention  the  changes  in  the 
blood  film  as  a  result  of  clotting  or  fibrin  precipitation  as  a  possible  influence  on 
lymphocytic  movement.  It  would  be  interesting  to  note  the  velocity  of  movement 
during  a  period  when  the  changes  due  to  clotting  are  presumably  at  a  minimum. 
This  probably  would  be  during  the  first  10  minutes  of  study,  omitting,  of  course, 
the  first  movements  during  settling  of  the  cells. 

In  1922  a  series  of  experiments  were  done  to  determine  the  influence 
of  a  low  electromotive  force  on  the  movements  of  while  blood  cells, 
particularly  small  lymphocytes.  The  type  of  cell  studied  was  similar 
to  that  studied  by  McCutcheon.  A  low  electromotive  force  was 
used  in  order  to  compare  with  this  electromotive  force  the  electro- 
motive forces  passing  between  injured  and  relatively  normal  tissues. 
If  these  two  could  be  compared,  it  could  then  be  inferred  that  perhaps 
one  of  the  factors  which  brings  white  blood  cells  to  a  j^oint  of  injury 
may  be  this  "current  of  injury."  Tliis  has  been  discussed  somewhat 
in  detail  elsewhere  (2). 

The  cell  in  which  the  movements  of  the  white  blood  cells  were 
studied  was  constructed  as  follows: 

445 


446  ELECTROPHORESIS   OF   LYMPHOCYTES 

Unglaiied  porcelain  non-polarizablo  boot  electrodes  were  set  in  a 
hea\y  glass  slide,  toe  to  toe.  and  then  ground  down  so  that  the  levels 
of  the  toes  and  glass  were  about  the  same.  After  placing  a  small 
drop  of  the  uppermost  layer  of  cells  of  ccntrifugcd  dclibrinatcd  blood 
on  the  glass  block  between  the  electrodes,  a  round  cover-slip  of  1  cm. 
diameter  was  placed  over  the  drop  which  then  spread  out,  just  reach- 
ing the  rim  and  simultaneously  connecting  the  two  electrodes.  The 
edge  of  the  cover-slip  was  instantly  surrounded  by  a  low  melting 
liquid  paraftm  which  soliditicd  almost  immediately.  There  was  then 
ready  to  be  studied  on  a  specially  constructed  sliding  warm  stage  at 
bodv  temperature,  a  very  thin  film  of  blood  cells  in  scrum. 

It  is  important  to  discuss  some  of  the  errors  introduced  by  the  use 
of  an  electrophoresis  chamber  of  the  construction  described.  In 
brief,  the  "true  mobility"  of  the  particles  in  suspension  when  under 
the  influence  of  an  electromotive  force  is  the  average  mobility  at  all 
levels  in  the  cell  because  of  an  independent  flow  of  positively  charged 
water  near  the  glass  surfaces  (3).  Since  the  cell  is  a  closed  system, 
there  will  necessarily  be  a  slight  anodal  flow  in  the  mid-regions  of  the 
cell.  Thus,  a  negatively  charged  particle  will  be  accelerated  in  the 
mid-regions  of  the  cell  and  retarded  near  the  surfaces  of  the  glass. 

A  second  flow  of  water  within  the  system  is  caused  by  the  charge 
on  the  water  incidental  to  the  presence  of  the  porous  porcelain  elec- 
trodes. These  electrodes  permit  the  passage  of  water  through  the 
capillary  spaces  of  the  electrodes.  Whatever  the  electrode's  influence 
is  due  to,  whether  to  the  presence  of  a  porcelain  membrane,  or,  in 
addition,  to  a  porcelain-protein  membrane  at  the  junction  of  the 
electrode  with  the  serum,  the  water  would  be  positively  charged  in 
relation  to  the  membrane.  That  is,  under  the  influence  of  a  potential 
gradient  there  would  be  a  cathodal  flow  of  water  through  the  system 
and  across  the  field  of  observation,  thus  retarding  the  migration  of  a 
particle  migrating  toward  the  anode.  For  a  more  comi)lete  discussion 
of  this  subject  the  work  of  Briggs  (4)  and  the  numerous  papers  of 
Loeb  in  The  Journal  of  General  Physiology  may  be  consulted. 

In  the  experiments  to  be  described,  the  lymphocytes  studied  were 
only  those  which  moved  in  a  nearly  straight  line  across  the  field. 
The  direction  of  migration  was  only  toward  the  anode.  No  lympho- 
cytes at  any  level  were  ever  observed  to  go  toward  the  cathode.     The  cells 
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studied  were  those  in  the  mid-regions  of  the  chamber,  those  resting 
on  the  glass  hardly  showing  any  "motility."  Hence  the  figures 
in  Table  I  are  not  the  "true  mobility"  of  the  lymphocytes  for  the 
p.D.  of  0.8  volt  per  cm.  which  was  used,  but  they  are  approximations 
of  velocity  which  may  not  be  substituted  in  the  Helmholtz-Lamb 
equation  to  determine  the  p.d.  between  IjTnphocytes  and  serum.  The 
figures  in  Table  I  may  be  compared  because  of  the  large  distances 
travelled,  the  constancy  of  technique,  and  the  thinness  of  the  film 
which  made  up  the  electrophoresis  chamber. 

TABLE   I. 

The  Influence  of  an  Electromotive  Force  of  0.8  Volt  per  Cm.  {Current  1/25  Milli- 

ampere)  on  the  Speed  of  Anodal  Migration  for  Different  Ages  of  Small 

Lymphocytes  in  Serum;  Kept  in  Ice  Box  until  Studied 

unless  Used  Imtnediately. 


Age  of  lymphocytes. 

Distance  travelled. 

Time. 

Speed  per  min. 

micra 

min. 

micra 

Used  immediately. 

185 

15 

12+ 

((               (( 

180 

14 

12  + 

2    hrs. 

210 

15 

14 

2     " 

260 

15 

17  + 

3     " 

285 

30 

9+ 

6     " 

410 

34 

12  + 

6     " 

410 

40 

10  + 

6     " 

410 

31 

13  + 

6     " 

105 

8 

13  + 

30     " 

205 

12 

17+ 

30     " 

410 

25 

16+ 

The  blood  from  which  the  lymphocytes  studied  were  obtained, 
was  drawn  from  the  arm  vein  of  a  presumably  healthy  adult  male, 
and  after  defibrination  and  centrifugation  was  kept  in  the  ice  box 
until  used,  unless  the  cells  were  studied  immediately.  In  these  same 
series  of  experiments  no  constant  direction  of  migration  was  noted 
for  pol>Tnorphonuclear  leucocytes.  However.  Eliasoph  (5)  us'ng 
platinum  electrodes  has  noted  that  polymorphonuclear  leucocytes, 
when  studied  in  splenic  tissue  and  gelatin  suspensions,  migrate  toward 
the  anode.  From  this  work  it  would  seem  that  polN-morphonuclcar 
ceUs  are  also  negatively  charged.     Since  this  author  used  a  compara- 
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tivelv  high  electromotive  force,  the  magnitude  of  which  is  not  men- 
tioned in  P.D.  per  cm.,  and  since  there  was  evidence  of  chemical  change 
about  the  electrodes,  these  results  cannot  properly  be  considered 
in  the  theoretical  considerations  to  follow. 

With  the  exception  of  the  3  hour  velocity  and  one  of  the  6  hour 
velocities,  the  speed  of  migration  of  the  lymphocytes  varied  from  12  + 
to  17  4-  micra  per  minute.  This  variation  is  to  be  expected  because 
of  the  expermiental  conditions.  Therefore  it  may  be  considered  that 
the  length  of  tune  the  l>inphocytes  were  kept  outside  the  body  in 
serum  in  the  ice  box  did  not  appreciably  influence  the  speed  of  the 
anodal  migration.  It  is  quite  interesting  to  note  that  the  straight 
line  velocity  of  small  lymphocytes  under  the  conditions  studied  is 
about  the  same  as  that  reported  by  INIcCutcheon  for  "spontaneous 
velocity."  It  should  be  remembered  that  the  increase  in  "spon- 
taneous velocity"  v.ith  time  from  4  micra  to  15  micra  per  minute  was 
noted  in  McCutcheon's  study  of  a  whole  blood  film.  The  possible 
inlluence  of  clotting  has  been  considered. 

While  the  electromotive  force  was  passing,  lymphocytes  in  motion 
had  practically  always  straight  line  motility  (Fig.  1)  and  with  inter- 
ruption of  the  current,  inmiediately  ceased  their  movements.  Or  with 
reversal  of  the  current  they  came  to  a  dead  stop,  and  immediately 
started  to  migrate  to  the  new  anode. 

The  question  arises  whether  in  the  living  animal  tissues  the  electro- 
motive forces  which  pass  between  injured  and  relatively  normal 
tissues  are  of  the  same  order  of  magnitude  as  the  experimental  electro- 
motive force  of  0.8  volt  per  cm.  When  the  tissues  are  injured,  the 
many  physicochemical  changes  at  the  site  of  injury  produce  a  system 
which  makes  the  injured  area  electropositive  (6).  Thus  the  injured 
area  may  be  considered  similar  to  the  anode  and  the  direction  of 
migration  of  the  lymphocytes  be  correlated  with  the  suggestion  that 
the  electromotive  force  is  partially  responsible  for  the  cellular  part 
of  the  inflammatory  reaction  as  far  as  direction  is  concerned.  Meas- 
urements of  the  "current  of  injury,"  of  course,  have  not  measured 
the  P.D.  between  cells  which  were  normal  and  injured,  but  have 
determined  rather  the  p.d.  between  fascial  plane  and  injured  muscle 
or  nerve  (0).  Hence,  although  electromotive  forces  of  0.08  volt 
have  been  reported,  the  actual  p.d.  per  cm.  between  the  injured  and 
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uninjured  tissue  is  not  known.  Since  some  cut  surfaces  have  been 
found  to  be  (by  the  authors  cited  above  (6))  at  about  the  same 
electrical  potential  as  the  uninjured  fascial  surface  at  the  moment 
after  cutting,  it  may  be  inferred  that  the  difference  in  potential  between 
injured  and  uninjured  tissues  may  be  of  a  somewhat  similar  order  of 
magnitude  as  that  measured  between  fascial  surface  and  injured 
surface.     The  many  changes  in  physicochemical  make-up  of  injured 


Fig.  1.  Schema  to  show  course  of  lymphocjte  and  method  of  determination  of 
speed.  Diameter  of  field  410  micra.  Cross  lines  on  eyepiece.  Lymphocyte  en- 
tered field  at  (1),  time  4:01,  was  at  (3)  at  4: 11, and  crossed  out  of  range  at  4:35  (6). 
The  straight  line  movement  was  occasionally  slightly  above  or  below  the  line  in 
other  determinations  but  in  general  was  similar  to  the  migration  depicted  in  the 
figure.  The  time  taken  to  migrate  410  micra  was  34  minutes.  In  this  experiment 
therefore,  the  mean  rate  was  12-1-  micra  per  minute. 

tissues  most  probably  produce  a  dilTerence  of  potential  between 
Imiiting  border  of  the  zone  of  injury  and  the  ficarcst  relatively  normal 
cells  of  at  least  10  millivolts.  If  the  nearest  relatively  normal  cells 
are  1  mm.  away,  the  p.d.  per  cm.  would  be  100  millivolts  or  0.1  volt 
per  cm.  This  would  place  the  electromotive  force  used  in  these 
experiments  in  the  same  order  of  magnitude  as  those  existing  in 
living  tissues. 
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SITMMARY   AND   CONCLUSIONS. 

1.  Small  lymphocytes  in  serum  at  3TC.  migrate  toward  the  anode 
under  experimental  conditions  described. 

2.  The  electromotive  force  of  O.S  volt  per  cm.  under  the  same 
conditions  produced  a  straight  line  \-elocity  which  approximated 
that  reported  by  McCutcheon  for  spontaneous  velocity  after  his 
preparation  had  been  studied  over  5  hours. 

o.  Keeping  the  hinphocytes  on  ice  up  to  30  hours  did  not  produce 
an  appreciable  difference  in  velocity  of  straight  hne  migration  from 
that  speed  determined  if  the  cells  were  studied  inmicdiately. 

4.  The  possible  relationships  between  the  type  and  order  of  magni- 
tude of  the  electromotive  force  passing  between  injured  and  normal 
tissues  and  the  electromotive  force  used  experunentally  are  briefly 
discussed. 

The  author  desires  to  express  his  sincere  thanks  to  Professor  H.  W. 
Farwell  of  the  Department  of  Physics,  Professor  H.  B.  Williams  of 
the  Department  of  Physiology,  and  Professors  W.  C.  Clarke  and 
A.  P.  Stout  of  the  Department  of  Surgery,  for  the  many  courtesies 
given  him  during  the  course  of  this  work. 
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There  have  been  many  epochs  in  the 
study,  the  practice,  and  the  progress  of 
medicine.  Many  of  them,  as  you  know, 
shade  one  into  the  other.  Every  age 
apparently  fools  itself  into  thinking 
that  it  has  knowledge  of  and  can  do 
much  for  the  various  diseases  from 
which  people  suffer.  Each  age,  looking 
back,  is  amused  with  the  status  of  treat- 
ment in  the  past;  to  us  many  of  the 
procedures  used  at  the  time  of  John 
Hunter  seem  very  bad  indeed  when 
compared  with  those  of  the  present,  and 
many  of  them  certainly  were  bad.  Yet 
Hunter  was  a  man  of  keen  perception, 
and  although  he  lacked  a  conventional 
education,  he  did  things.  He  did  not 
agree  with  everyone,  for  he  was  one  of 
those  rare  individuals  who  was  not 
moulded  bj'-  the  habit  of  the  times  as  to 
method  of  procedure. 

Knowledge  in  the  pure  sciences  rests 
for  the  most  part  upon  a  strong  scien- 
tific basis.  Is.  this  true  in  medicine? 
Faraday  proceeded  in  his  researches  in 
magnetism  and  the  electrical  current 
from  observation  to  observation.  Each 
research  worker  claims  that  he  does  this 
likewise.  But  apparently  the  accuracy 
— accuracy  as  evaluated  by  the  test  of 
subsequent  findings — of  observations  is 
determined  by  the  character  of  the  hu- 
man emotions  of  each  research  worker. 
Similarly  habit  creates  standards  in 
responses  to  emotions  in  research.  In 
the  present  knowledge  of  dynamics,  the 
research  worker  proceeds  on  what  is  ap- 
parently the  firmest  foundation  yet 
known.  The  observations  of  Clerk  Max- 
well, Eddington,  Milliken,  Steinmetz, 
and  many  others,  are  as  little  colored  by 
their  wishes  and  superstitions  as  were 
Faraday's.    Einstein  in  his  mathemati- 

*  An  address,  revised  for  publication,  delivered  before  the 
Brooklyn  Pathological  Society,  October  8,  1925.  From  the  De- 
partment of  Surgery,  College  of  Physicians  and  Surgeons. 
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cal  applications  may  be  as  little  ham- 
pered by  his  emotional  wishes,  which 
time  alone  will  evaluate,  since  the 
future  test  of  experience  is  the  only  test 
possible  to  man.  Jacques  Loeb  in  his 
researches  apparently  attempted  to 
escape  from  the  present  standard  estab- 
lished by  habit  of  thought  in  biology 
interwoven  as  it  is  by  dialectic  argu- 
ment and  by  the  processes  of  thought 
of  each  biologist.  Loeb  attempted 
to  place  biology  on  the  foundation 
of  pure  science.  He  attempted  to 
escape  from  the  present  day,  three- 
dimensioned  concepts  and  from  the 
satisfying  terms  of  present  day  biology, 
"the  genes",  "inheritance",  "environ- 
ment". He  seemed  to  realize,  as  has 
Thompson,  that  why  a  thing  happens 
and  how  a  thing  happens  are  but  ques- 
tions of  the  human  emotions,  the  truly 
philosophical  statement  is — things  hap- 
pen. He  seemed  to  realize  as  ap- 
parently did  Darwin,  as  did  von  Helm- 
holtz,  as  did  Kant,  as  did  Descartes,  and 
as  does  Einstein,  that  man  can  only 
make  his  observations  of  happenings — 
questions  are  probably  but  figments  of 
the  human  mind,  therefore,  strictly 
speaking,  there  are  no  answers.  The 
scientist  in  all  branches  of  knowledge, 
therefore  the  scientist  in  medicine,  can 
but  make  observations.  Dynamics, 
manifest  to  man,  as  light,  electricity, 
and  other  modes  of  energy,  apparently 
must  be  placed  on  a  similar  dimensional 
basis  in  all  fields.  True  observations 
can  not  contradict  observations.  If  the 
physicist  discovers  that  light,  as  he  ob- 
serves its  phenomena,  presents  conflict- 
ing observations  on  a  three-dimensional 
basis  and  does  not  contradict  on  a  four- 
dimensional  basis,  he  naturally  accepts 
the  latter  until  still  other  observations 
are  made.  Thus  Newtonian  physics 
have  been  accepted  until  they  have  be- 
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come  a  fixed  habit  of  thought.  The 
"law  of  gravitalion"  has  permeated  all 
teachings  until  the  present  time,  when, 
through  the  disturbing  questions  of  the 
relativist,  the  bitterly  sharp  needle  of 
doubt  has  punctured  his  complacency 
one  of  the  strongest  formulas  of  man.  In 
spite  of  comfortable  habit,  in  spite  of 
superstition,  observations  must  be  con- 
stantly rewritten  if  man  is  to  make 
progress.  Otherwise,  except  as  a  means 
of  amusement,  all  his  tremendous  effort 
in  research  is  wasted. 

In  medicine,  procedure,  if  it  be  fol- 
lowed because  it  is  custom  which  is 
handed  down  from  former  times,  is  not 
progress.  If  the  observations  of  the 
biologist  rest  alone  upon  the  three 
dimensional  observations  of  the  mor- 
phologist  and  do  not  take  into  account 
the  many  dimensioned  fields  into  which 
the  pure  scientist  is  reaching,  is  the 
biologi.st  making  the  most  of  progress? 
The  morphologist  makes  progress  when 
he  makes  observations  on  the  fixed  and 
stained  cells,  when  he  counts  the 
chromosomes  of  the  germ  cells,  when  he 
observes  the  cell  and  its  nucleus — but 
must  not  these  observations  be  con- 
stantly evaluated,  integrated  with  ob- 
servations in  all  fields  of  science,  if 
there  is  to  be  real  progress?  In  clinical 
medicine  the  .same  evaluation  of  obser- 
vations must  be  constantly  made  as  in 
all  .sciences.  The  objection  is  at  once 
raised  that  this  evaluation  of  observa- 
tions is  impossible.  The  answer  is  that 
if  fixed  habit  of  thought,  custom,  and 
superstition  were  cast  out  of  medical 
procedure  to  the  degree  with  which  it 
has  been  cast  out  of  many  of  the 
branches  of  pure  science,  the  present 
degree  of  progress  in  clinical  medicine 
and  surgery  would  not  be  as  open  to 
criticism  as  it  is  at  the  present  time. 
History  reveals  that  such  fixed  habits 
of  thought  in  procedure  in  surgery  ob- 
structed the  acceptance  of  the  observa- 
tions of  Lister — r^bservations  of  in- 
fected wounds  which  he  attempted  to 
integrate  with  the  recently  made  ob- 
servations in  bacteriology.     Karl  Pear- 


son has  well  pointed  out  in  his  "Gram- 
mar of  Science"  as  has  H.  Poincare  in 
his  "Value  of  Science",  the  possibilities 
for  progress  and  the  difiiculties. 

At  present  it  seems  as  if  procedure  in 
the  treatment  of  cancer  were  following 
a  pathway  of  habit.  Observations  on 
procedure  in  medicine  can  only  be 
evaluated  by  comparisons.  In  this  at- 
tempted evaluation  of  the  present-day 
procedure  in  cancer,  I  have  selected 
cancer  of  the  female  breast  as  a  thesis. 
A  good  many  of  you  who  are  surgeons 
operate  on  cancer  of  the  female  breast, 
feeling  that  you  prolong  the  patient's 
life  by  your  procedure.  You  know  well 
with  what  enthusiasm  you  rush  off  of  a 
morning  to  your  hospital  to  excise  can- 
cer after  cancer.  How  do  you  know 
whether  you  prolong  life  or  not,  and  you 
probably  do,  for  the  report  of  the  Eng- 
lish Ministry  of  Health  would  seem  to 
indicate  that  three  years  is  added  to 
life  by  the  complete  operation  in  cancer 
of  the  breast. 

If  you  have  a  few  patients  alive  ten 
years  after  operation,  that  by  clinical 
and  microscopic  examinations  were  be- 
lieved to  be  cancer  cases,  you  are  proud. 
If  you  have  a  couple  more  who  have 
lived  for  fifteen  years  you  are  tickled  to 
death.  Few  of  you  know  of  a  patient 
who,  after  twenty  years  have  elapsed, 
is  apparently  cured.  This  must  mean 
that  you  are  not  so  confident  that  your 
operation  is  doing  so  much  to  help  your 
cancer  patients.  When  you  commenced 
you  entered  into  the  combat  with  can- 
cer with  zest,  for  had  you  not  been 
taught  as  students  that  it  was  best  to 
operate  on  cancer?  You  accepted  the 
procedure  as  a  matter  of  course.  How- 
ever, as  the  years  passed,  and  your 
friends,  maybe  some  of  your  relatives, 
dropped  off  one  by  one,  dying  of  cancer 
after  operation,  you  began  to  doubt.  In 
fact,  if  operation  "cured",  taking  into 
account  the  natural  life  expectancy, 
there  would  be  plenty  of  cases  alive 
many  years  after  the  onset  of  their  can- 
cer. Are  you  curing  any?  As  to  the 
use  of  the  word  "cured".    The  man  in 
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the  street  asks  right  away,  as  John 
Hunter  and  many  others  have  asked, 
"What  do  you  mean  by  'cured'  "  ?  Hun- 
ter said  in  the  eighteenth  century,  re- 
garding cancer — 

No  cure  has  yet  been  found;  for  what  I 
call  a  cure  is  an  alteration  of  the  disposition 
and  the  effect  of  that  disposition,  and  not  the 
destruction  of  the  cancerous  parts.  But,  as  we 
have  no  such  medicine,  we  ai'e  often  obliged 
to  remove  cancerous  parts;  which  extirpation, 
however,  will  often  cure  as  well  as  we  could 
do  by  changing  the  disposition  and  action. 
Arsenic  seems  to  have  power  of  this  kind,  and 
its  effects  might  be  increased  by  being  used 
internally  and  externallj-,  but  its  use  is  very 
dangerous,  and  I  am  afraid  insufficient  for  the 
disease.  This  is  a  remedy  which  enters  into 
the  empirical  nostrums  which  are  in  vogue  for 
curing  cancer;  and  among  which  Plunkett's 
holds  the  highest  rank.  But  this  is  no  new 
discovery,  for  Sennertus,  who  lived  the  Lord 
knows  how  long  ago,  mentions  a  Roderigues 
and  Flusius,  who  obtained  considerable  fame 
and  fortune  by  such  a  composition.  I  was  de- 
sirous to  meet  Mr.  Plunkett,  to  decide  on  the 
propriety  of  using  his  medicine  in  a  particu- 
lar case;  I  have  no  objection  to  meet  anybody; 
it  was  the  young  one;  the  old  one  is  dead,  and 
might  have  died  himself  of  a  cancer  for  aught 
I  know.  I  asked  him  what  he  intended  to  do 
with  his  medicine.  He  said,  "To  cure  the 
patient."  "Let  me  know  what  you  mean  by 
that:  do  you  mean  alter  the  diseased  state  of 
the  parts  or  do  you  mean  by  your  medicine 
to  remove  the  parts  diseased?"  "I  mean  to 
desti'oy  them,"  he  replied.  "Well,  then,  that  is 
nothing  more  than  I  or  any  other  surgeon  can 
do  with  less  pain  to  the  patient."  Poor  Wool- 
lett,  the  engraver  died  under  one  of  these 
cancer-cures;  he  was  under  my  care  when  this 
person  took  him  in  hand.  He  had  been  a  life- 
guardsman,  I  think,  and  had  got  a  never  fail- 
ing receipt.  I  continued  to  call  on  Woollett  as 
a  friend,  and  received  great  accounts  of  the 
good  effects;  upon  hearing  which  I  said,  if  the 
man  would  give  me  leave  to  watch  regularly 
the  appearance  of  the  cancer,  and  see  myself 
the  good  effects,  and  should  be  satisfied  of  its 
curing  only  that  cancer,  (mind,  not  by  destroy- 
ing it),  I  would  exert  all  my  power  to  make 
him  the  richest  man  in  the  kingdom.  But  he 
would  have  nothing  to  do  with  me  and  tortured 
poor  Woollett  for.  some  time;  till  at  last  I 
heard  he  died.     (1) 

There  is  also  another  chapter  in  the 
story  and  that  is  this :  how  do  you  know 
you  are  dealing  with  cancer?  You 
know,  for  instance,  that  cancer  of  the 

(DPaget,  Stephen;  John  Hunter.  N.  Y.  r.ongmans,  Green  & 
Co.,  1898,  Page  109. 


tongue  is  very  vicious.  I  do  not  believe 
you  know  many  patients  with  that  dis- 
ease who  live  very  long  after  operation. 
There  is  a  man  still  living  after  fifteen 
years.  I  saw  him,  alive  and  well,  six 
months  ago.  Is  he  not  a  surgical 
curiosity?  A  wedge  was  excised  from 
his  tongue  in  1910.  Dr.  William  H. 
Welch  stated  at  the  time  of  the 
operation,  after  seeing  the  slide,  that 
there  was  no  doubt  about  the  diagnosis, 
the  only  question  being,  should  the 
surgeon  have  taken  out  the  entire 
tongue  and  regional  lymph  nodes? 
Other  pathologists  also  agreed  at  the 
time  that  it  was  a  straightforward  can- 
cer of  the  tongue,  a  squamous  cell 
epithelioma.  When  visitors  call  from 
out  of  town,  I  always  show  them  that 
slide.  They  agree  on  the  diagnosis,  un- 
til I  tell  them  the  man  is  alive  and  that 
the  operation  was  performed  so  many 
years  ago.  Then  they  vacillate  and  say, 
"Well,  I  don't  know,  maybe  it  is  not  an 
epithelioma  after  all."  What  does  that 
mean?  It  means  that  those  looking 
through  the  microscope  do  not  know  so 
much  about  what  they  are  looking  at  as 
some  of  you  are  led  to  believe.  That  is 
my  honest  opinion.  I  realize  the  fact 
that  the  microscope  only  lends  itself  to 
seeing  a  little  of  the  cellular  form  at  the 
moment  and  when  we  add  the  subse- 
quent clinical  history  we  often  begin 
to  wonder  about  the  diagnosis. 

Rodman,  in  1815,  has  well  stated  the 
reasons  for  confusion  among  clinicians 
as  to  whether  operation  for  tumors  of 
the  "mammae"  is  advisable. 

"There  is  no  part  of  practice  about  which 
less  has  been  satisfactorily  establLshed,  than 
the  extirpation  of  the  mamma  when  it  contains 
an  induration.  The  professional  enemies  to 
the  operation  are  numerous,  and  so  arc  the 
friends;  and  each  one  affirms  that  his  opinion 
is  the  result  of  practice.  How  is  it  possible 
that  such  contradictory  opinions  have  pre- 
vailed so  long  amongst  men  of  high  character? 
The  truth  is,  the  reasons  on  both  sides  may  be 
upright.  A  surgeon  who  amputates  the  breast 
of  a  great  many  females,  for  movable  tumors, 
of  a  moderate  size,  has  many  chances  to  be 
successful  when  there  is  no  other  danger  to 
fear  for  some  time,  but  the  irritation  and 
fever  occasioned  by  fbo  onoratioii.     And  while 
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he  is  inclined  to  extirpate  all  he  meets  with, 
he  has  little  opportunity  from  his  own  ex- 
perience, to  witness  how  many  cures  can  be 
effected  without  the  knife,  or  to  know  how 
remedies  can  be  used  for  that  purpose.  His 
opinion,  therefore,  will  be  decidedly  in  favor 
of  amputation.  Whereas  the  surgeon  who 
carefully  watches  all  the  circumstances,  sees 
the  ruinous  consequences  of  such  operations  on 
the  female  constitution,  and  observes  that  the 
number  of  diseased  females  is  greater  who 
survive  without  cutting,  will  speak  according 
to  the  dictates  of  his  experience.  In  this  way, 
the  opinion  of  both  surgeons  may  proceed 
from  the  most  upright  intentions;  yet  the 
former  approving  from  practice  and  dis- 
approN-ing  from  ignorance,  and  the  latter,  ap- 
proving and  disapproving  from  the  conviction 
impressed  by  observation,  while  neither  of  the 
parties  possesses  clear  or  distinct  ideas  on  the 
subject. 

"But  it  might  be  said  that  such  a  state  of 
things  could  not  continue  long,  since  one  of 
the  two  opinions  must  soon  prevail.  And  this 
would  certainly  happen,  were  not  mankind 
fonder  of  premature  induction,  than  of  wary 
and  persevering  investigation.  Though  each 
party  claims  the  superiority  of  his  opinion, 
both  submit  to  the  decision  of  inconclusive 
arguments,  by  supporting  the  mistakes  which 
render  every  opinion,  comprehended  in  the 
current  theory  of  cancer,   indisputable."     (2) 

A  process  which  does  not  take  life  may 
be  diagnosed  "cancer"  and  treated  suc- 
cessfully, for  any  treatment  may  be  suc- 
cessful in  a  benign  growth.  This  state- 
ment unfortunately  is  a  platitudinous  as 
is  the  statement  in  the  campaign  notes 
of  the  American  Society  for  the  Control 
of  Cancer,  of  September,  1925:  "If,  while 
cancer  is  small,  it  is  completely  removed 
by  surgery  or  destroyed  with  x-rays  or 
radium,  or  in  fact,  by  any  other  means, 
that  is  an  end  of  it.  This  could  not  be 
so  if  cancer  were  a  disease  which  affect- 
ed the  whole  body."  The  quotation  above 
from  John  Hunter,  written  nearly  two 
centuries  ago,  shows  a  somewhat  dif- 
ferent point  of  view,  but  do  not  the  re- 
sults of  modern  operative  treatment  in- 
dicate that  his  conception  was  as  near 
the  truth? 

These  remarks  as  to  procedure  in  can- 
cer must  not  be  taken  as  disparaging 
the  epoch-making  advances  which  have 


(2)  Rodman,  John.   "A  Practical   Explanation  of  Cancer  in 
the  Female  Breaat."  Paisley,  London,  181.5. 


taken  place  in  medicine  and  surgery 
that  would  be  a  revelation  to  the  great 
clinicians  who  lived  before  18  7  0 
Tiie  good  is  overwhelming  "which  ac- 
crues to  patients  from  such  cffoi'ts. 
Anyone  who  has  had  an  acute  attack  of 
appendicitis,  who  has  been  operated 
upon  by  an  able  surgeon  in  an  upto-date 
hospital  and  has  returned  in  two  weeks 
to  his  occupation,  cured  as  far  as  the 
suppurative  appendix  is  concerned,  need 
but  compare  his  circumstances  with 
those  of  the  miserable  patients  previous 
to  thirty-five  years  ago,  to  be  satisfied 
as  to  the  benefits  of  modern  surgery. 
The  high  mortality  of  fifteen  to  twenty- 
five  per  cent  from  pueperal  sepsis  in  ly- 
ing-in women  in  a  hospital  previous  to 
the  teachings  of  Semmelweis  and  others 
was  obvious  to  all,  and  when  this  mor- 
tality is  compared  with  the  less  than 
one-hundredth  of  one  per  cent,  mor- 
tality of  the  present  day,  there  are  no 
doubters  as  to  the  efficacy  of  the  aseptic 
technique  of  the  present-day  obste- 
trician. There  is  little  if  any  doubt  as 
to  the  benefits  derived  from  such  pro- 
cedures, but  such  unanimity  of  opinion 
in  the  treatment  of  surgical  processes 
only  obtains  where  comparisons  of  re- 
sults of  the  treated  and  untreated  are 
easy  and  therefore  obvious  to  all 
clinicians. 

Where  comparisons  are  difficult  to 
make,  and  the  results  of  treatment  are 
not  obvious,  history  shows  that  habit  of 
mind  decrees  that  in  procedure  there  be 
a  beaten  path  to  be  followed  whether 
for  good  or  evil.  Most  surgeons  of  pre- 
antiseptic  days  regarded  a  cancer  as  a 
local  process  and  therefore  eradicable. 
Tissue  destructive  pastes  were  tried, 
because  without  anesthesia  and  with 
wound  sepsis  rampant,  few  patients 
submitted  to  even  limited  operations  for 
the  attempted  removal  of  growths. 
Given  anesthesia  and  aroused  to  the 
possibilities  of  asepsis,  surgeons  budded 
to  their  work  in  the  laborious  cutting 
away  of  cancers  from  both  superficial 
and  deep  organs.  A  maze  of  operative 
procedures  were  planned  during  the  lat- 
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ter  part  of  the  last  century.  Unfortu-  are  known  are  from  the  latter  portion 
nately,  comparisons  are  difficult  to  make  of  the  period.  There  may,  of  course,  be 
as  far  as  determining  the  benefits  which  patients  who  are  alive  and  apparently 
accrue  from  treatment,  since  cancer  well  among  those  lost  sight  of.  In  sub- 
may  kill  in  a  year  or  in  twenty  years,  stantiation  of  this,  Dr.  Jonathan  M. 
At  the  same  time  the  question  of  cure  Wainwright,  of  Scranton,  Pennsylvania, 
must  not  be  confused  with  whether  a  has  kindly  shown  me  his  statistics  of 
liffornot                   treatment  prolongs  ^^^^^^,  ^{  ^^^  ^3^^,^  ^^^.^.^^^  f,.^^,  1901 

T  1          '   .,1           ,1       i  i.-  i-        -.  .1  to  the  present  time.    He  has  performed 

I  have  with  me  the  statistics  of  the  ,  ,               ^.                    •  ^      •  ,  .. 

follow-up    work    of    the    Presbyterian  ^  complete  operation  upon  sixty-e.ght 

Hospital  in  New  York  City,  from  1910  ""^^^^  ^'^"^  ^^j^^Y  ^'^"tinuous  records  of 

until  1924.     These  patients  were  cared  s^^ty-seyen  of  these  patients     There  is 

for    by    a    large    group    of    surgeons,  one  patient  who  is  now  in  her  eighty- 

among  them  Dr.  Joseph  A.  Blake  and  ^^^^^h  year  showing  no  evidence  of  re- 

Dr.  George  E.  Brewer.  appearance  of  cancer.     She  was  oper- 
ated   upon    in    her    sixty-sixth    year, 

Cancer  of  the  Breast  twenty-one    years    ago.      The    section 

taken  from  her  tumor  at  the  time  of 

OPERATED  UPON  AT  THE  PRESBYTERIAN  operation  shows  what  the  majority  of 

HOSPITAL  microscopists    call    cancer    and    at    the 

,„„,,.  ^  ,       ,oo^              Aon  time  of  operation,  axillary  involvement. 

October,  1924-October,  1924  420  cases  _,                ^      ,             ,,             "^  ,.               , 

Not  followed  :-- 135  There   are   two   others,    alive   and   aji- 

Operative  deaths  - ---  H  parently  well  in  1925,  operated  upon  f  if- 

teen  years  ago,  at  the  ages  of  thirty- 
Total  not  analyzed  -  - 143  gjgj^^  ^y^^  forty-nine,  respectively.     Dr. 

Cases  follo^v;«i  up  to  1925    .^..„^^^^^  ^^^  ^^  264  ^y^j^^vright  pointed  out   that   another 

Alive,  100 — 42^-0  (av'ge  post  op.  life,  50  mos.)  ,                            .      ^            i.      j   ^ 

Dead,  164—58%  (av'ge  post  op.  life  24.3  mos.)  twenty  years  must  elapse  to  determine 

Distribution  of  264  cases  followed  in  decades  according  to  age  at  time  of  operation. 

Age  at  operation  25-34            35-44  45-54            55-64           65-74            75-84 

Total    cases    alive    4(38)          26(54)  41(60)          19(51)            9(55.8)       1(43) 

Cases  alive   in    1925   ....     1(20)           18(53)  29(08.4)         8(64)             1(45) 

Dead    10(19.8)       49(32.1)       59(28.9)       36(22.0)         7(38.8)       1(33) 

From  these  288  cases  followed  from  the  outcome  among  his  cases  most  re- 

1910  up  to  1924:  cently  operated  upon  which  make  up  the 

^       ,        ,.      ■,   r...                       /^ov,^«,.  bulk  of  his  sixty-seven  cases.    Another 

One  has    ived  fifteen  years      Cance  .^^  ^^^^^^  ^           ^^  ^^  considered  is 

right  breast      (Nine  years  later  cancel  \^^^^^   ^^^  ^^.^^^.^^    .^  ^^  ^^   malignant 

m  left  breast.)  growth  or  cancer  in  any  particular  hos- 

One  has  lived  fourteen  years.  pj^^^j.  f^j.^  ^g  Rodman  pointed  out  over 

One  has  lived  twelve  y«ars.  100  years  ago,  if  a  few  benign  growths 

Two  have'lived  eleven  years.  ^..j.ggp  j,-jto  tjie  records,  comi)ari.sons  of 

Two  have  lived  ten  years.  jirocedure  will  show  difTcrent     results 

And  these  nine  patients  are  still  alive  from  comparisons  where  only  "cancers" 

and  well  in  1925.  are  included.    At  present  in  this  14  year 

These  figures  must  be  taken  with  cau-  period,  252  cases  of  supposedly  benign 

tion  since  the  bulk  of  the  patients  lost  growth  of  the  female  breast  have  been 

sight  of  are  those  operated  upon  in  the  operated  on  and  though  the  follow-up 

earliest    part    of    the    14    year    period  on  this  group  is  as  yet  very  incomplete, 

from  1910  to  1924.  Therefore,  the  288  there  are  but  two  cases  which  subse- 

patients  operated  upon  whose  histories  quently  suggest  that  an  error  had  been 


COMMON    SURGICAL    PROCEDURES 


made  in  either  the  clinical  or  micro- 
scopic finding's.  Later,  a  more  complete 
report,  it  is  hoped,  may  be  made  in  order 
to  standardize  more  accurately  what  is 
to  be  called  a  cancer  and  what  a  beniy:n 
growth  at  the  time  of  operation. 

I  shall  compare  these  statistics  with 
statistics,  meager  at  present  it  is  true, 
of  cancer  of  the  breast  not  operated 
upon,  in  the  hope  of  determining  the 
actual  lengthening  of  life,  if  any,  that 
operation  has  brought.  We  have  been 
making  an  effort  for  the  sake  of  com- 
parisons to  discover  how  long  a  person 
lives  who  has  a  cancer  of  the  breast  that 
is  not  operated  upon,  or  who  receives  no 
treatment. 


ble  from  such  observations.  Several 
features  should  be  indicated.  Of  these 
cases  dead  of  appai'ont  cancer,  two  lived 
five  years,  one  lived  six  years.  There 
is  still  another  very  typical  case,  not  as 
yet  included  in  the  above  statistics  who 
lived  eighteen  years.  It  is  also  worthy 
of  mention  that  some  of  the  above  cases 
had  masses  in  their  breast,  when  dis- 
covered, too  large  to  warrant  operation, 
yet  the  length  of  time  these  patients 
lived  is  estimated  from  their  reputed 
discovery  of  their  growth.  This  proce- 
dure must  be  followed  since  it  is  the  one 
followed  in  the  group  of  cases  operated 
upon.    Apparently  an  interval,  varying 


Supposed   Cancer   of   the   Breast 
cases  not  operated  upon 

Thirty-eight  unoperated  cases  obtained  from  a  questionnaire  sent  to  1,500  gradu- 
ates of  the  P.  and  S.,  1900  to  1909  inclusive,  and  to  others. 

Distribution  in  decades  according  to  age  at  reputed  discovery  of  tumor. 

Age   25-34  35-44  45-54  55-64  65-74  75- 

Xumber  of  cases  2(21)  6(34)  7(34)         12(36)         6(26)  5(75) 

Figures  in  perenthesis  indicate  the  average  duration  of  life  in  months  after  re- 
puted discovery  of  tumor. 


Of  these  cases  which  are  dead,  nine 
were  treated  w'ith  X-ray  more  or  less 
extensively  and  two  were  treated  with 
radium,  but  all  for  the  most  part  were 
treated  late  in  their  disease  as  a  pallia- 
tive procedure. 

There  were  over  seventy-seven  cases 
turned  in  but  only  forty-two  measured 
up  to  a  clinical  history  which  made  can- 
cer probable.  For  example,  a  persistent 
ulcer  of  the  breast  appearing  in  a  tumor 
which  later  invaded  the  axilla  with 
swelling  of  the  arm  and  accompanied  by 
some  clinical  evidence  of  metastasis  fol- 
lov.ed  by  death  seemingly  in  connection 
with  the  above  sign.s,  was  probably  a 
cancer,  even  though  an  autopsy  was  not 
obtained. 

Many  more  histories  must  be  ob- 
tained before  any  deductions  are  possi- 


from  one  week  to  several  months, 
elapses  between  discovery  of  their 
tumor  and  when  they  ask  medical  ad- 
vice, as  occurs  in  those  cases  which  seek 
operation. 

As  many  of  you  know,  Lazarus- 
Barlow  3,  in  England,  has  collected  case 
histories  of  cancer  of  the  female  breast 
in  an  attempt  to  learn  the  expectancy 
of  life  and  in  the  hope  of  obtaining  a 
basis  for  comparison  as  to  the  various 
methods  of  treatment.  In  Vegard  to  his 
statistics,  he  points  out  the  difficulty  in 
determining  when  the  cancer  actually 
commenced  and  he  feels  that  the  mean 
duration  for  length  of  life  in  his  cases 
of  cancer  of  the  breast  may  be  over- 
estimated, but  he  writes  "nevertheless, 
it  appears  certain  that  some  cases  of 

Vi)  LazaruB-Barlow,  W.  S.  "Natural  Duration  of  Cancer". 
Brit.  M.  J.  vol.  2,  (Auk.)  1924. 
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malignant  disease  last  for  a  very  long 
time."  His  statistics  for  cancer  of  the 
breast  are: 


cases  should  be  operated  upon  and 
which  should  not  be  so  treated.  For 
curiously,  some  of  the  cases  benefited 


Natural     Duration     in     Mos.       Percentage  of 

Age  Sex     No.  of  cases     Mean.  Maximum     Minimum      cases  below  Mean. 

Under  25  F.  1  24.0 

25-34    F.  15  36.0  196  3  80.0 

35-44     F.  42  32.0  112  5  64.3 

45-54     F.  61  39.2  186  2  68.8 

55-64     F.  60  40.7  210  3  70.0 

65-74     -- F.  44  44.3  169  11  63.6 

75  and  over    F.  20  36.1  64  12  50.0 

Total    cases    243  38.4  210  2  59.3 

It  should  be  noted  that  the  maximum  apparently  by  operation,  showed  both 
length  of  life  of  some  of  these  patients  clinically  and  from  a  gross  and  micro- 
is  greater  than  those  cases  which  were  scopic  study  large  and  far  advanced  can- 
operated  on  at  the  Presbyterian  Hos-  cer.  One  of  the  longest  lived  breast 
pital  as  shown  above.  cases    in    the    Presbyterian    Hospital 

Today  there  is  much  propaganda  pub-  group  presented  a  large  tumor  and  an 
lished  to  persuade  people  to  be  operated  axillary  lymphnode  at  least  three  centi- 
upon  at  once  on  the  discovery  of  a  meters  in  diameter  at  the  time  of  opera- 
tumor,  and  by  frequent  physical  exami-  tion  by  Doctor  Darrach.  The  axillary 
nation,  to  make  the  discovery  earlier  lymphnode  showed  an  extensive  in- 
than  in  the  past.  At  the  same  time,  volvement  with  cancer  similar  to  that 
much  of  this  propaganda  is  misleading,  noted  in  the  breast.  Patient  G.  A.,  aged 
the  truth  is  hidden  and  distorted.  The  fifty,  with  a  history  of  one  year  refer- 
efforts  of  collecting  the  follow-up  re-  able  to  his  stomach,  suggesting  either 
suits  on  operations  for  cancer  will  be  an  ulcer  or  cancer,  was  operated  on 
wasted  unless  comparisons  are  possible  August  6,  1919,  by  Dr.  A.  V.  S.  Lam- 
so  that  the  whole  truth  may  be  known,  bert.  A  partial  gastrectomy  was  done. 
It  is  true  that  there  has  been  more  Presenting  into  the  lumen  of  the  stom- 
intensive  research  w^ork  in  cancer  than  ach,  there  was  a  large  cauliflower  mass, 
in  almost  any  other  field  of  medi-  five  by  eight  by  four  cm.  Its  free  surface 
more  intensive  research  work  in  cancer  was  ulcerated.  There  were  many  en- 
than  in  almost  any  other  field  of  medi-  larged  lymphnodes  in  the  mesentery, 
cine,  but  will  not  these  workers  be  more  Microscopic  examination  of  the  tumor 
efl;ective  if  they  are  not  lulled  into  com-  showed  an  extensive  and  a  typical 
placency  believing  that  the  operation  proliferation  of  epithelium,  suggesting 
for  cancer  is  effective?  gland  formation.    JMitoses  not  frequent. 

I  believe  that  the  total  good  which  ac-  Lymph  modes  examined  which  were  re- 

crues  to  all  patients  when  all  forms  of  moved  showed  no  cancer.    This  patient 

cancer  are  considered  is  disappointingly  seen  December  5,  1925,  six  years  and 

small.     I  believe  that  operation  makes  three  months  after  operation,  has  had 

the  majority  of  cancer  cases  more  com-  no   gastric   disturbance,    is   apparently 

fortable  for  a  period,  and  affords  them  a  well,  and  continues  his  dailv  work  with- 

brief     mental      uplift,      unfortunately  out  interruption. 

counterbalanced  by  the  almost  inevit-         The  data  presented  a.... \f  nn-ninf  lu 

able  reappearance  of  their  growths.     I  cancer  and  the  operative  procedure  sug- 

believe  that  in  a  few  cases,  the  good  is  gest  much  work  that  may  be  done  in  the 

overwhelming,    therefore   I   believe   all  collection    of    cases    which    have    been 

should  be  operated  upon  and  as  early  as  operated  upon  and  those  which  have  not 

possible,  until  a  better  procedure  be  dis-  been.    The  above  statements  are  merely 

covered,  or  until  it  be  discovered  which  my  beliefs  at  the  present  time.    If  it  is 
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true  that  at  present  the  surgeon  is  en- 
thusiastically, laboriously  operating:  on 
cancer  after  cancer  from  habit,  traveling 
the  wrong  road,  the  economic  loss  in 
hospital  facilities  and  loss  to  the  patient 
should  be  considered.  Many  medical 
men  regard  these  remarks  as  destruc- 
tive criticism  and  lacking  any  construc- 
tive suggestion  to  aid  in  the  cancer 
problem.  There  are  many  leads  which 
appear  constructive;  certainly  the 
study  of  inheritance  factors  as  carried 
on  by  Maud  Slye  in  the  breeding  of 
white  mice  should  not  be  lightly  cast 
aside  by  the  "authorities"  as  not  ap- 
plicable to  man.  Certainly  as  she  has 
repeatedly  pointed  out,  they  fail  to 
grasp  the  full  implication  of  her  work, 
and  that  her  selected  breeding  experi- 
ments point  to  the  fact  "that  the  thing 
which  is  transmitted  in  the  heredity  of 
cancer  is  the  tendency  of  a  given  organ 
or  organs  to  yield  to  cancer".  She  is 
dealing  with  a  unit  characteristic  which 
is  recessive.  The  question  is  not 
whether  the  mouse  cancer  is  the  same 
as  the  human  cancer,  but  rather  that 
the  tendency  or  susceptibility  to  the  de- 
velopment of  cancer  or  an  apparently 
similar  lesion  as  seen  in  mouse  and  man, 
can  be  determined  by  selective  breeding. 
She  believes  that  what  is  true  for  the 
selected  breeding  of  peas  and  beans  is  as 
true  for  mice  and  men.  The  statement 
is  often  made  that  there  is  no  evidence 
that  cancer  is  inherited  in  man.  Maud 
Slye  has  never  claimed  that  her  mice, 
as  she  has  bred  them,  have  inherited 
cancer  one  from  the  other.  To  inherit 
or  transmit  a  sex-linked  recessive  ten- 
dency to  develop  a  thing  is  not  inherit- 
ing a  disea.se  or  active  process,  be  it 
tuberculosis  or  be  it  cancer. 

C.  C.  Little  has  written  from  the  Depart- 
ment of  Genetics,  Carnegie  Institute  of  Wash- 
intrton,  "The  Work  of  Murray  (I'JOS),  Ilaaland, 
(1'.j08),  Tyzzer  (1909)  and  Slye  (1913),  have 
^  ••  '  '^rit  a  predi.sposition  to  the  formation  of 
is  inherited  in  mice.  The  exact  type 
<ji  iiiii.iiiance  is  still  a  matter  of  debate  al- 
though the  weight  of  evidence  points  in  the  di- 
rection of  a  complicated  Mendelian  inheritance 


of  many  factors  as  the  underlying  causes. 
From  the  outset  it  should  be  made  clear  that 
inheritance,  in  the  direct  sense  of  transmission, 
is  not  involved.  It  is  rather  that  certain  in- 
dividuals inherit  a  tendency  towards  unbal- 
anced growth,  following  irritation  from  either 
internal  or  external  causes,  of  various  parts 
of  the  body.  That  such  a  predisposition  is  in- 
herited in  mice  is  beyond  question. 

"From  the  evidence,  we  may  conclude  that 
there  exist  in  man  one  or  more  hereditary 
tendencies  to  the  formation  of  malignant  neo- 
plasms. The  fact  of  inheritance  is  clear  but 
the  type  of  inheritance  needs  further  investiga- 
tion. It  does  not  appear  to  be  simple  Men- 
delian inheritance.  This  does  not,  however, 
conclude  the  possibility  as  it  will  be  found  to  be 
dependent  upon  multiple  Mendelizing  factors." 

As  Slye  and  others  have  shown,  in 
mice  at  least,  cancer  susceptibility  of 
particular  organs  is  transmitted  as  a 
unit  characteristic.  If  the  causes  of 
death  in  man  are  more  accurately  de- 
termined, and  susceptibility  to  cancer  of 
stomach  or  cancer  of  breast  has  oc- 
curred in  the  families  of  those  inter- 
marrying, certainly  it  is  important  to 
add  to  the  present  day  propaganda  for 
annual  examination,  the  suggestion  that 
particular  organs  should  be  kept  under 
more  careful  observation  than  is  done 
at  present. 

Finally,  a  field  of  research  is  sug- 
gested in  that  the  maternal  and  pa- 
ternal tumors  from  selected  cancer 
strains  should  be  partitioned  and  intro- 
duced into  recently  born  mice  of  these 
cancer  parents,  doomed  because  of  their 
inheritance  to  die  of  cancer.  It  is  sug- 
gested that  this  field  of  research,  as  out- 
lined, may  reveal  that  the  inherited  sus- 
ceptibility to  develop  cancer  is  changed 
in  these  offspring  to  insusceptibility, 
and  cancer  does  not  develop.'  If  this  ex- 
periment is  undertaken  by  many  dif- 
ferent workers,  if  there  be  any  merit  in 
the  suggestion,  it  will  be  revealed. 

In  conclusion,  these  remarks  are 
really  meant  to  stimulate  a  reevalua- 
tion  of  present  day  procedure  and  to  in- 
dicate the  necessity  for  comparisons  in 
all  fields  of  science,  particularly  in 
medicine. 
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PROGRESSIVE  GAXGREXOUS  IXFECTION  OK    I  UK  SKIN  WD 

SUBCUTAXEOrs  TISSUES.  FOLLOWIXC;  OI'KHA'I  lOX 

FOR  ACUTE  PERFORATIVE  APPENDK  Kl  IS  * 

A    STLDY    IX    SV.MIUOSIS 

By  Georce  p].MEKsox  Brewer.  M.I). 

AND 

Frank  Lamont  Melenev.  M.I). 
OF  New  York,  X.  V. 

The  object  of  this  communication  is  to  report  the  histories  of  two 
cases  of  extensive  destruction  of  the  skin  and  subcutaneous  areolar  tissues, 
from  infections  occurring  in  the  operative  wounds  of  cases  ni  acute  perfora- 
tive appendicitis. 

A\'hile  all  surgeons  are  familiar  with  the  variou^  i\pt>  oi  wnund  infection, 
following  operations  on  septic  conditions  of  the  various  abdominal  viscera, 
necessitating  contamination  of  the  wound  surfaces  during  the  operative  pro- 
cedures, or  following  the  drainage  of  these  septic  foci ;  few  such  superficial 
infections  give  rise  to  serious  apprehension,  when  the  intra-peritoneal  focus 
ceases  to  extend,  and  progresses  normally  toward  recovery. 

In  practically  all  such  cases,  it  is  the  deep-seated  primary  intra-abdominal 
infective  process  which  causes  anxiety;  and  not  the  sui)erlicial  secondary 
stitch  abscess  or  subcutaneous  cellulitis,  for  these  almost  invariably  are  con- 
trolled by  the  simple  procedure,  of  removal  of  sutures  and  establishing  drain- 
age of  the  subcutaneous  space. 

In  the  cases  which  I  am  reporting  here,  the  opposite  of  this  condition 
prevailed,  and  persisted  to  such  an  extent,  as  to  give  rise  to  the  greatest  anxiety. 

The  progress  of  this  infection  was  not  rai)id,  as  in  a  ])ost-operative  ery- 
sipelas, a  streptococcus  cellulitis,  or  gas  I)acillus  infection  ;  nor  was  it  associated 
with  high  fever  and  grave  to.\cemia  usually  present  in  these  acute  conditions. 
It  was  on  the  other  hand,  exceedingly  slow,  extending  only  one  or  two  centi- 
metres in  the  course  of  a  week  or  ten  days,  and  with  little  or  no  fever  or 
evidences  of  toxaemia.  This  type  of  infection  seemed  singularly  rebellious  to 
any  and  all  kinds  of  ordinary  wound  treatment.  It  was  apparently  uninflu- 
enced by  local  incisions,  drainage,  irrigation,  heat,  cold.  Carrel-Dakin  tcchnic, 
or  by  the  employment  of  other  chemical  disinfecting  agents.  It  was  not 
l)enefited  by  sunlight,  Alpine  light,  or  any  other  form  of  radiant  energy. 

The  process  mav  i)erhaps  best  be  described,  as  a  slowly  advancing  white 
subcutaneous  slough.  The  skin  lesion,  occurring  somewhat  later,  ai)peared 
at  first  as  a  deep  red  or  purple  superficial  tedema.  which  later  slowly  broke 
down  into  a  necrotic  mass  resembling  an  untreated  carbuncle.  This  in  turn 
was  surrounded  bv  a  zone  of  lighter  colored  erythema,  which  gradually  faded 
out  into  the  normal  skin.  At  times  the  subcutaneous  necrotic  area  and  cutane- 
ous margins  would  assume  a  dark  gray,  or  even  black  color.     Beneath  the 

*  Read  before  the  American  .Surgical  Association,  ^fay  26,  1926. 
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sloujjliins;  area,  which  varied  considerahly  in  (.'Mimu.  sonuiinus  l)ciii!4  Hniited 
to  the  ii]>per  thiixl  i>t  the  siihciitaneous  lai,  aiul  at  niliers  (.xiriKliu!;  will  down 
to  the  ileep  aponeurosis:  there  was  always  a  hiyer  of  s^ramilaiinn  tissiu',  which 
seemed  to  be  a  definite  Inn  inetVcciual  etYort  nt   rc])air. 

In  both  of  my  cases  tlie  process  seemed  to  start  at  the  upper  jniri  nf  tlu' 
cutaneous  wound,  ami  jjjraihially  crejit  downward  aloni;  Imth  margins  toward 
the  site  of  the  intra-perit<Mieal  drain  cpiMiini^.  The  actual  siti'  ol  the  dci'i) 
ilrainaj^e  cavity  was  api)arently  never  in\(>l\(d. 

WilhoiU  ilwelliny;  further  on  the  s])ecial  wnund  I'caluri's  i>l'  this  iuUHtidU, 
which  win  ])est  l)e  shown  in  the  accompanying  illustrations.  I  will  hrielly 
reiK)rt  the  chnical  features  of  the  two  cases:  which  in  history.  sc(|uence  ol 
events,  and  wound  appearances,  seemed  identical. 

Case  I. — H.  B.  T..  age  thirt\-t\vo.  an  apiiaroiuly  r(il)iist  and  lualtliv  man  nl  guod 
habits,  and  without  evidence  ol  chronic  infectious  or  degenerative  disease;  while  on  a 
visit  to  New  York,  experienced  a  sudden  attack  of  acute  alidoniinal  pain  associated  with 
all  the  characteristic  symptoms  and  signs  of  an  acute  I'ulniinatint,'  apiKiulicitis.  As  he 
was  alone  in  a  hotel  he  did  not  obtain  expert  advier  idr  two  daxs.  At  tlie  time  llie 
writer  first  saw  iiim  in  consultation  witli  Doctnr  Mitclull.  lie  had  a  1rm])erattire  of 
10,^  pulse  (;o.  The  alKk)men  was  moderately  distended  and  tender  in  all  tour  quadrants; 
the  area  of  maximum  tenderness  being  at  or  near  McBurncy's  point.  Muscular  rigidity 
was  noted  over  the  right  rectus  and  neighboring  muscles.  As  Ins  prostration  and  general 
appearance  seemed  to  indicate  a  grave  infection,  which  had  already  existed  for  upwards 
of  fifty  hours,  he  was  removed  to  the  Roosevelt  Hospital  lor  immediate  operation.  On 
opening  the  abdomen,  the  appendix  was  found  to  be  completely  gangrenous,  and  sur- 
rounded by  an  abscess  containing  about  30  c.c.  of  thin  foul-smelling  pus.  As  the  gan- 
grenous process  extended  to  the  cjecum.  after  removal  of  the  appendix,  the  cjccal  opening 
was  closed  by  a  purse-string  suture,  and  the  ixiinl  of  closure  reinforced  by  suturing  a 
small  appendix  epiploica  and  a  layer  of  omentum  over  the  stump.  A  large  cigarette 
drain  was  left  in  situ,  and  the  peritoneum,  muscles,  and  skin  partly  closed  by  layer  suture. 
.Mthough  the  aniesthesia  was  satisfactory  and  the  oiK'ration  of  short  duration,  the  follow- 
ing day  the  temperature  rf)Se  to  104.  the  pulse  to  120;  and  the  patient  seemed  gravely  ill. 
There  was.  however,  abundant  drainage  fmni  the  die])  ^inus  necessitating  fre(|ut'nt 
changes  of  the  dressings. 

On  the  third  day,  the  cigarette  drain  was  removed,  and  a  rubber  tube  in.serted, 
through  which  the  wound  was  frequently  irrigated  and  treated  by  the  ("arrel  D.akin 
methfKl.  The  discharge  from  the  deep  cavity  promptly  diiuinished.  soon  ceased,  and  the 
sinus  closed  satisfactorily. 

During  this  period  the  temperature  gradually  declined  and  the  ])aliint's  coiuiiii(jn 
improved;  and  at  the  end  of  a  week,  he  seeiued  thoroughly  convalescent  .nid  no  further 
anxiety  was  entertaincfl   regarding  his  ultimate   recovery. 

On  the  seventh  day  after  operation  a  peculiar  deep  purple  oedema  was  noted  around 
the  pfjints  of  entrance  of  the  three  u])per  silkworm  gut  sutures.  These  were  removed, 
the  cutaneous  wound  opened  and  packefl  with  sterile  gauze.  Two  or  three  days  later 
to  our  surprise,  the  purple  areas  had  not  subsided,  but  apparently  had  extended  to  the 
margin  of  the  then  freely  open  cutaneous  wftund.  They  resembled  six  small  carbuncles 
with  iK'ginning  necrosis  of  the  epithelial  layer.  Also  it  was  noted  that  the  edges  of  the 
wound  beneath  these  lesions  was  undermined  and  presented  isolated  areas  of  white 
slough,  which  extended  down  to  various  levels  in  the  subcutaneous  fat.  Incisions  were 
later  made  into  these  areas  of  necrosis,  and  the  entire  wounrl  packed  loosely  with  gauze 
covering  several  Carrel-lJakin  tubes,  and  was  constantly  treated  with  accurately  prepared 
Dakin   fluid.     The  original   .sloughs  gradually  separated,   but  beyond   this   loss   of   tissue, 
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there  appeared  an  extending  zone  of  the  deep  red  (jedema,  which  formed  an  eUiptical 
area  of  discolored  skin  ahout  the  size  of  a  human  hand. 

As  it  was  evident  that  the  Carrel-Dakin  treatment  failed  to  control  the  process,  a 
number  of  other  antiseptic  agents  were  tried  including  iodine,  iodoform,  various  mercuric 
compounds,  hot  poultices,  and  finally  exposure  of  the  wound  to  X-rays.  Alpine  light, 
and  the  direct  rays  of  the  sun.  None  of  these  seemed  to  have  the  slightest  effect  on  the 
slow  progress  of  the  disease,  which  gradually  extended  peripherally  and  sloughed  cen- 
trallj',  until  there  was  an  ulceration  which  extended  from  a  point  near  the  iliac  crest, 
to  a  point  half-way  to  the  lower  costal  border,  and  well  over  toward  the  median  line, 
making  an  oval  sloughing  ulcer  about  15  to  16  cm.  in  length  by  10  or  \2  cm.  in  width. 

During  the  three  weeks  which  had  elapsed  since  the  operation,  the  abdominal  sinus 
had  closed,  the  patient  was  practically  afebrile,  had  a  fair  appetite,  and  seemed  constantly 
improving.  The  only  major  complaint  being,  the  intense  pain  which  was  occasioned  by 
the  dressings  and  any  manipulation  of   the  wound. 

During  the  latter  part  of  tliis  period  he  was  seen  by  perhaps  six  or  eight  members 
of  the  stafif,  including  general  surgeons,  experts  in  dermatology,  bacteriology,  and  internal 
medicine;  none  of  w^hom  had  ever  seen  a  similar  lesion  arising  from  an  operative  wound 

Numerous  cultures  were  made  from  the  tissues  and  wound  secretions,  as  well  as 
blood  tests,  to  exclude  syphilis,  tuberculosis,  blastomycosis,  and  other  rare  forms  of 
infection.  The  wound  cultures  contained  a  large  variety  of  organisms,  but  led  to  no 
definite  conclusions. 

At  last,  as  it  seemed  evident  that  unless  something  far  more  radical  were  done  in 
the  w^ay  of  treatment,  a  large  part  of  the  integument  of  the  abdominal  wall  would  be 
destroyed,  it  was  decided  to  give  a  general  antesthetic  and  to  circumscribe  the  entire 
diseased  area,  well  beyond  the  lesion  by  an  incision  through  the  skin  and  entire  thickness 
of  the  subcutaneous  fat  to  the  sheath  of  the  rectus  and  aponeurosis  of  the  external 
oblique  muscles.  This  was  done,  and  the  long  elliptical  incision  packed  with  gauze  wet 
with  a  I  per  cent,  solution  of  formalin.  This  was  changed  every  day  at  first  under  gas 
anaesthesia,  and  the  packing  kept  constantly  wet  with  the  same  solution. 

The  sloughing  process  continued  from  the  original  edges  of  the  ulcer  toward  the 
incision,  but  never  passed  this  barrier ;  and  when  all  the  intervening  tissues  were 
destroyed,  we  had  an  extensive  granulating  surface  with  healthy  edges,  which  quickly 
took  on  the  normal  process  of  repair.  We  hesitated  to  advise  a  skin  graft  on  account 
of  the  doubtful  nature  of  the  process,  and  a  very  definite  fear  on  the  part  of  all  wlio 
had  observed  its  ruthless  progress,  lest  any  such  procedure  might  again  favor 
its   reappearance. 

By  simple  dressings  and  sun  exposures,  cicatrization  took  place  rapidly,  and  at  the 
end  of  thirteen  weeks,  the  patient  was  discharged  cured. 

Shortly  after  the  experience  just  related,  there  ajipeared  in  Sitrjicry.  (iyiic- 
cologv  and  Obstcfrics,  the  rei)()rt  of  a  .similar  ca.se  by  Dr.  Thomas  S.  Cullen 
of  Baltimore,  admirably  illustrated  by  two  colored  plates  of  the  lesion.  Vvmu 
Doctor  Cullen's  description  of  the  etioloj^y,  symiHoms,  proi^ress  and  woiuul 
appearances.  I  was  convinced  that  our  two  cases  represented  examples  of  a 
rare  but  definite  tvpe  of  wound  infection,  jirobably  due  to  some  orijanism 
derived  from  the  intestinal  canal,  as  Ix.tb  arose  from  the  operative  treatment 
of  a  perforated  intestinal  lesion. 

Case  II. L.  Af..  male,  sixty-four  years  of  age,  although  his  appearance  and  athletic 

vigor  would  give  one  the  impression  of  a  much  younger  man.  December  18,  1925,  he 
was  admitted  to  the  Presbyterian  Hospital  for  operation  for  acute  appendicitis.  The 
duration  of  his  illness  had  been  about  thirty  hours.  On  admission  his  temperature  was 
100.8.  pulse  no;  abdomen  moderately  distended  with  marked  tenderness  and  muscular 
rigidity  over  the  appendix  area. 
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On  operation,  the  ap,vndix  xvas  uunui  to  he  partly  j;angrenous  perforated  and 
.urro.  mUxi  hv  a  coUection  of  thin  odorless  sero-pus.  The  nuestnu-s  n>  the  ntnnedu 
neuhH.rltcHHi\verc  reddened  and  covered  with  hhrht.  The  append.x  was  rentoved,  the 
"  u  d  ^mK  closed,  and  a  lar.e  cigarette  drain  introdnced  which  extended  to  the  re..on 
.UnxMulix  stntup.  He  rcaeted  favorahly  front  the  operation,  the  ahdonnnal  s>n.p 
ll^ied.  tlte  tetnperature  and  pnlse  unproved:  and  his  general  condU.on  at  the  end 
ot  three  davs  seemed  entirely   satisiactory.  „,,  ,nr.^ 

On  the  fifth  day  small  areas  of  neoi^osis  were  ohserved  around  the  po.uts  ol  cut,  ..ncc 


sjf' 


.    of  the  wound  licforc   the  second  excision;   the  lower  granuhitinK   portion  of  the 
incision  being  rlrawn  together  Ijy  adhesive  plaster. 

of  the  upper  two  deep  silkworm  gnt  sutures.     The  stitches   were  removed    th,    w^mnd 
edges  separated,  and  the  wound   lightly   packed   with  gau^e.     The   Larrel-Dakn,   nuU,... 
was  employed,  which  at  first  seenud  tr.  act  favorahly.  as  for  four  or  five  days  the  wound 
.hewed  no  further  changes.     It  did  not  then  occtn-  to  the  wruer.  that  we  had  to  do  w.  1 
other  than  a  trivial  secondary  infection  of  the  superficial  wound.     The  deep  dram  wa 
removed  on  the  sixth  day.  and  a  small   ruhher  tuhe   suhstitutcd,   and  the   deep   wound 
frequently  irrigated.     About  the   tenth   day.   after  the  deep  dramagc   smus   had   ceased 
discharging,  and  the  lower  part  of   the  wound   seemed  normally  granulatmg.   the   same 
deep  red  discoloration  and  oedema,  as  in  Case  T,  appeared  arot.nd  the  upper  part  of  the 
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wound  with  four  or  five  oval  elevated  lesions  at  the  sites  of  the  stitch  openings.  There 
was  also  noted  a  suhcutaneous  area  of  white  slough,  which  extended  from  tlie  edges  of 
the  wound  upward  beneath  the  unbroken  but  cedemafous  skin,  toward  the  stitch  openings. 
A  day  or  two  later,  two  or  three  of  these  necrotic  areas  were  removed,  leaving  an 
irregular  undermined  unhealthy  looking  skin  border.  At  this  time  also,  it  was  noted  that 
the  deep  purple  oeciematous  nodules  shewed  signs  of  breaking  down,  and  that  the  area  of 
hypersemia  was  extend- 
ing outward  into  the 
surrounding  skin.  One 
or  two  black  areas  were 
also  seen  along  the  skin 
margins.  It  was  then 
recognized  for  the  first 
time,  that  we  had  to  do 
with  the  same  type  of 
spreading  gangrenous 
cellulitis  and  dermatitis 
as  in  the  first  case. 

January  9,  under 
gas  oxygen  anaesthesia, 
the  entire  cutaneous 
margin  of  the  wound 
was  excised,  including 
all  of  the  reddened  and 
cedematous  tissues,  the 
wound  treated  with  per- 
oxide of  hydrogen, 
douched  with  sterile 
water,  and  packed  with 
gauze  soaked  in  and 
kept  moist  with  Dakin 
solution.  T  h  e  process 
seemed  arrested  for  two 
or  three  days ;  but  later 
the  same  characteristic 
deep  purple  lesions  oc- 
curred along  the  cuta- 
neous b  o  r  d  e  r  s,  and 
sloughing  of  the  fatty 
tissue  was  apparent. 
Both  the  red  oedema  and 
the  subcutaneous  ne- 
crosis spread  more  rap- 
idly than  at  first,  in 
spite  of  the  most  careful 
Carrel-Dakin  technic ;  and  the  patient  showed  a  definite  increase  in  temperature  and  pulse 
rate.     (Plate  A.) 

We  were  then  convinced  that  the  first  excision  had  not  been  sufficiently  wide  to 
insure  removal  of  the  deeply  imbedded  organisms,  which  evidently  had  penetrated  into 
the  tissues  well  beyond  the  outermost  limits  of  the  hyiK-r.-cmia  and  oedema.  Again  under 
gas-oxygen  auccsthesia  on  January  iS.  a  wider  excision  was  made  from  3  to  4  cm.  from 
the  wound  edge.  This  time  removing  the  entire  wound  and  surrounding  skin.  The  fl<Mir 
of   the  large  wound  thus  created  was  treated  by   peroxide  of   hydrogen,  douched   with 
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sterile  water,  and  packed  witli  one  per  ciiit.  wot  formalin  sauze  as  in  tiic  tirst  case. 
This  was  kept  in  place  lor  two  days,  and  constantly  wot  witli  the  dilnto  tornialin  solntion. 
The  tornialin  was  then  discontinned  and  the  rosinlar  Carrel- Dakin  treatment  carried  out. 
This  served  to  arrest  the  process,  no  Inrther  characteristic  lesions  apjx'arod  on  the  skin 
edges,  and  the  entire  wound  took  on  a  healthy  granulating  appearance. 

The  patient  was  discharged  from  the  hospital  at  the  end  of  seven  weeks,  anil  later 
at  his  home  continued  treatment  by  cxpt)sure  to  the  sun,  and  the  use  of  other  stimul.tting 
measures.  Dating  from  the  last  opei^ition,  the  time  rei|uirod  for  the  licaling  of  tliis 
extensive  wound  was  about  eleven  weeks.     It  occurred  without  the  aiil  ot   skin  grafts. 
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A  C  B 

Fig.  2. — A.  Phagocytes  containing  a  few  chains  of  cocci.     B.  A  phagocyte  distended  with  organisms.    C. 
Tangled  chains  of  organisms  with  cellular  fragments  in  the  neighborhood.    Gram  stain.    Oil  immersion  lens. 

As  in  my  first  case,  the  one  most  distressing^  symjitom  was  the  acute  sensi- 
tiveness of  the  wound,  makinf^  ch'essings  and  all  manipulations  al)()Ul  ihe 
lesion  extremely  painful. 

It  is  worthy  of  note  al>o  that  as  soon  as  the  specific  infection  was  killed, 
this  sensitiveness  promjjtly  disappeared. 

Since  the  observation  of  niy  second  case,  four  other  similar  cases  liavc  been 
brought  to  my  attention. 

The  first  of  these  was  a  woman,  sixty-three  years  of  age,  who  was  adniitlod  to  the 
Presbyterian  Hospital  in  January.  1919,  for  observation.  Four  or  five  months  before 
her  admission,  what  was  thought  to  be  a  cold  abscess  was  present  in  the  upper  right 
quadrant  of  the  aUlomen.  This  was  opened  and  drained.  Shortly  after  the  operation, 
there  occurred  a  slowly  spreading  gangrenous  ulceration  of  the  skin,  beginning  at  the 
wound  edges,  and  extending  in  all  directions,  until,  at  the  time  of  her  admission  to  the 
hospital,  the  ulcerated  area  occupied  a  large  j)arl  of  the  iipjicr  half  of  tiie  alulomcii,  and 
extending  well  down  into  the  right  flank. 
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The  process  had  been  exceedingly  slow,  and  at  first  was  tiiought  to  be  due  to  syphilis, 
tuberculosis,  or  one  of  the  mycotic  infections.  Each  of  these,  however,  was  excluded  by 
careful  tissue  examinations,  bacterial  cultures,  and  inoculation  experiments.  The  cultures 
from  the  tissues  and  wound  secretions  showed  a  large  variety  of  organisms,  but  no 
definite  conclusion  was  reached.  Although  the  origin  of  the  original  abscess,  whether 
mural,  or  intra-abdominal  and  possibly  due  to  a  small  perforative  lesion,  could  not  be 
ascertained.  Doctor  Whipple,  who  saw  the  case  several  times  in  consultation,  informed 
me  that  it  was  similar  in  many  respects  to  my  second  case. 

The  second  was  one  reported  at  the  joint  meeting  of  the  New  York  and  the  Phila- 
delphia   Surgical   Societies   during 

the    past    winter    by    Dr.    E.    G.     i  • 

Alexander.     His    case    also    fol- 
lowed  operation   on   an   acute 
perforative  appendicitis.  The  prog- 
ress   of    the    case   w-as    similar    to     ^ 
the    tw-o    reported    in    this    paper,     P 
and   although  he   strongly  advised 
complete  excision  of  the  area,  the 
patient     refused    operative     treat- 
ment,    with    the    result    that    the 
ulceration     continued     to     extend 
until   it   involved   a   large   part  of 
the    right   half    of    the   abdominal 
wall,  the  right  buttock  and  thigh 
to   the  knee.     His  patient  was   in 
the  hospital   eleven  months.     The 
other  two  cases  were,  one  reported 
by    Dr.    Christopher,   of    Chicago,       ^ 
and  another  which  occurred  in  the       mft 
service  of  Dr.  A.  V.  Moschcowitz.  i*^ 

of  New  York.  ^  '  •■  -c 

As  soon  as  T  recognized 
that  the  process  in  my  second 
case  was  the  same  as  in  my 
first  patient,  I  called  in  con- 
sultation Dr.   Frank   Lament 

Melenev  of  the  Surgical   Staff     Fu;.  3.— Organisms  in  tissue  section.     Grum  slain.     Oil  ininicr- 
'  .  ,  J  .      ,  sion  lens. 

ot  the  Presbyterian  Jrlospital, 

who  is  particularly  interested  in  surgical  infccti.uis,  with  a  view  to  ohtainuig 
his  advice  and  cooperation  in  determining  the  causative  organism  or  organ- 
isms. He  observed  the  patient  froiu  time  to  time,  and  entered  enthusiastically 
into  the  plan  of  establishing  the  bacteriolog)  of  the  i)n«ccss.  The  report  of 
his  observations  and  inoculation  experiments  is  as  follows. 

Bacteriological  and  Experimental  Study.— 1\k  fluid  frr.m  the  peritoneal  abscess  was 
cultured  in  the  usual  way  by  a  member  of  the  laboratory  staff.  A  pure  culture  of  non- 
hsmolvtic  streptococcus  was  reported.  No  anaerobic  cultures  were  made  and  it  is  not 
on  record  whether  or  not  the  culture  grew  in  the  usual  maimer  on  the  surface  of  a 
blood  agar  plate.  It  therefore  remains  an  open  question  whether  this  organism  was  or 
was  not'the  same  streptococcus  which  is  to  be  described  below.  Later,  when  the  gangrene 
developed  in  the  wound,  a  second  routine  aerobic  culture  revealed  a  h.TmoIyUc  stapliylo- 
coccus  aureus  and  a  diphtheroid  bacillus.    The  streptococcus  was  not  found. 
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<;ub^cqucntlv  a  special  studv  was  made  oi  tlic  slou.di  ironi  the  wound.  A  lucmolytic 
staphylococcus  aureus  and  a  diphtheroid  bacilhis  were  found  again  aerobically.  wli.le 
the  anaerobic  blood  agar  plates  revealed  a  streptococcus   wlncli  would  not  .^row  on  the 

aerobic  plates.  ...  .       , 

When   the   region    was    prepared    for   complete    excision,    the    surlacc    was    painted 

copiouslv  with  iodine  in  order  to  minimize  surface  contamination.     A  culture  was  taken 

ol    the    l)loo(l    ilrawn    by    the 
TiS  ~~,  -^-.-.  .«.  -        yHHE    'irst    incision    (,at    point    i    in 

Fig.  i).  After  excision,  the 
complete  specimen  was  taken 
in  a  sterile  towel  to  the  labo- 

<}  ^''         ratoiy.  the  surface  was  again 

«  ^-  painted  with   iodine  and   inci- 

sions  were  made  just  beyond 
the     gangrenous    margins    of 
^  the  ulcer  at  points  2.  3,  4  ^'"^1 

7  3  in  Fig.  i.     Direct  smears  of 

fi  the    tissue    fluid    in    these    re- 

gions showed,  in  the  two  near- 
est the  margin,  great  numbers 
of  very  small  cocci  growing 
in  masses  of  tangled  chains. 
Many  of  these  were  found 
to  be  contained  in  leukocytes 
(Fig.  2a),  some  stretching  the 
cell  membrane  almost  to  the 
bursting  point  (Fig.  2b),  and 
others  in  masses  much  larger 
V  than    the    phagocytes    w  i  t  h 

\  *  cellular   debris   in   the   neigh- 

\  '  borhood      (Fig.     2c).     These 

^  findings    seemed   to   represent 

'►^  different  stages   in  the  battle 

\  t'  between   the   foreign   invaders 

and  the  host,  with  apparent 
(kmoiistration  that  the  organ- 
isms were  not  only  growing 
in  the  tissues,  but  in  tlu' 
pliagocytes  as  well.  In  the 
»  'H",  two  regions  farther  from  the 

■^  ..  margins,  diplococci  and  short 

Pig.  4.— The  lesion  in  a  flog,  as  it  appeared  on  the  fourth  day.  pl^jjjns  were  found  both  within 
O-     •:,.•    ;.ft   side  of   the  picture   is   the   swelling  produced   by    the  ' 

•IS  alone.     On  the  right  is  the  swelling  produced  by  the  and     Without    the     tlSSUe    cells 
alone.    In   the  centre   is  the  lesion   produced   by  the  .  ,„i,  ^:„„      n,^]]^        <,oc- 

.  showing  early  gangrene.     One-half  life   size.     Slightly  aiul      wandering      cells.       bec 

;tduw;a.  ^jf,ps  ^f  thc  tissue  Stained  for 

bacteria  revealed  them  in  great  numbers  (Fig.  3).  Cultures  were  made  from  the  five 
IK.ints  mentioned  abfwe,  aerobically  and  anaerobically  on  five  per  cent,  sheep  blood  agar 
plate*  and  in  cooked  meat  medium  with  and  without  dextrose.  In  twenty-four  hours 
three  out  of  four  of  the  cultures  yielded,  in  pure  culture,  a  non^hjemolytic  streptococcus 
which  grew  in  the  Cfxjked  meat  medium  with  or  without  dextrose,  both  aerobically  and 
anaerobically.  On  the  blood  agar  plates,  however,  it  failed  to  grow  except  under 
anaerobic  conditions,  the  aerobic  plates  being  without  any  evidence  of  growth.  The 
fourth  culture  showed  beside  the  streptococcus  a  few  colonies  of  non-hsmolytic  staphylo- 
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coccus  albus  on  the  anaerobic  plate,  possibly  an  air  contamination.  After  forty-eight 
hours  the  culture  of  the  blood  from  the  incision  revealed  a  pure  culture  of  the  same 
streptococcus.  Thus  in  four  out  of  five  cultures  from  regions  extending  from  just  outside 
the  margin  of  the  ulcer  to  the  limits  of  excision,  this  organism  was  found  in  pure  culture, 
evidently  growing  in  the  tissues  and  successfully  combating  the  defensive  efforts  of  the 
host.  The  evidence  seemed  to  be  strong  that  this  bacterium  was  in  some  way  related  to 
the  disease  process.  Contrary 
to  expectation,  the  haemolytic 
staphylococcus  aureus  and  the 
diphtheroid  bacillus  cultured 
from  the  slough,  were  not 
found  in  the  zone  outside  of 
the  gangrenous  margin.  This 
we  considered  to  be  most  sig- 
nificant because  it  indicated 
that  for  the  infection  as  a 
whole  the  streptococcus  was 
the  more  important.  Expc-i- 
ments  were  then  carried  cut 
in  order  to  determine  the  cul- 
tural characteristics  and  the 
pathogenicity  for  animals  of 
this  streptococcus. 

Cultural  Characteristics. — 
It  is  a  very  small  coccus 
grow'ing  in  chains  of  varying 
lengths.  The  individuals  are 
approximately  0.2-0.5  microns 
in  diameter.  It  is  Gram- 
positive.  It  grows  readily  in 
the  anaerobic  jar  in  cooked 
meat  medium  with  two-tenths 
per  cent,  dextrose.  In  this 
medium  it  tends  to  form 
tangled  chains  in  a  manner 
similar  to  its  growth  in  the 
tissues.  It  develops  much  less 
readily  aerobically  in  the 
cooked  meat  medium  with 
dextrose.  Anaerobically  on 
five  per  cent,  sheep  blood  agar 
plates  in  twenty- four  hours  it 
grows  with  small  pin  point 
non-haemolytic  colonies  which 
become  slightly  green  on  standing  in  the  air. 
blood  agar  plates  until  it  had  been  passed  through  nine  aerobic  subcultures  in  cooked 
meat  medium.  It  then  very  slowly  develope.l  minute  colonies.  Tiiis  ninth  subculture  was 
sealed  and  kept  for  a  month  in  the  ice  box 

grow  aerobically  on  the  blood  plates.)  t    •    ,■..<■     ^/ 

ferment  dextrose,  lactose,  saccharose  and  salacin.  but  not  manmte.  It  ,s  killed  in  fifteen 
minutes  when  heated  to  60°  C.  The  organism  may.  therefore.  \^  classified  as  a  non- 
hemolytic micro-aerophilic  streptococcus,  similar  in  many  respects  to  certain  of  the 
intestinal  streptococci.  The  intestinal  origin  of  the  streptococcus  in  this  case  .s  not 
proven;  it  is  only  presumptive. 
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. — The  lesion  in  the  same  dog  on  the  sixth  day.     One-half  size 
slightly  reduced. 

(Aerobically   it   would  not  grow  on  the 


It  was  then  found  to  have  lost  its  ability  to 
When  grown  anaerobically  this  organism  will 
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Auiittal  Inoculation. — Two  cubic  centimetres  ol  a  twenty  lu)iir  culture  in  couked  meat 
medium  with  two-tentlis  i>cr  cent,  dextrose  injecteil  into  tlie  iieriti>neuin  ol  a  mouse 
failed  to  kill.  Five  cubic  centimetres  in  the  peritoneum  ot  a  i;uinea-iiiti  tailed  to  make 
the  pig  ill,  but  the  organism  was  recovered  from  tlie  peritoneum  alter  two  week->  ami, 
in  another  instance,  a  month  later.  Wiien  tiie  ninth  subculture  mentioned  above  had 
acquired  the  faculty  of  growing  on  aeroliic  plates,  it  was  injected  into  tlie  peritoneum 
of  a  guinea-pig.  It  was  recovered  after  twenty-four  hours  and  was  then  found  to  have 
lost  the  faculty  for  aerobic  growth.  Five  cubic  centimetres  subcutaneously  in  guinea- 
pigs  and  rabbits  produced  slight  redness  and  swelling  which  appeared  on  the  day  after 
injection,  but   rapidly   subsided.     There    was   never    any   evidence   of    gangrene.     These 

fail  u  r  0  s    to    demonstrate 
■"  pathogenicity     for     animals 

Ntemed  to  controvert  the  very 
*  (lefmite   evidence   of    activity 

in  the  tissue  of  the  patient. 
It  was  then  suggested  to  try 
the  effect  of  this  organism 
i-ombined  with  the  ha;molytic 
Ntapliylococcus  aureus  and  the 
ijiphtheroid  bacillus  with 
which  it  was  found  as.soci- 
ated  in  the  actual  gangrenous 
margin  of  the  wound.  Two 
r  u  I)  i  c  centimetres  of  a 
;  wcuty-hour  culture  of  each 
organism  were  injected  suh- 
i  utancously  into  control 
'4uinca-pigs  and  into  another 
jiig  one  cubic  centimetre  of 
the  hsetnolytic  staphylococcus 
aureus  was  combined  with 
the  same  quantity  of  the  non- 
ii:emolytic  micro-aerophilic 
streptococcus.  In  still  an- 
other pig  the  streptococcus 
was  combined  with  the  diphtheroid  bacillus.  In  twenty- four  hours  the  staphylococcus 
combined  with  the  streptococcus  had  produced  a  large,  red,  tender  swelling  two  by  three 
centimetres  in  diameter  with  a  central  area  of  discoloration  indicating  beginning  gan- 
grene. The  staphylococcus  alone  produced  a  somewhat  smaller,  red,  tender  swelling, 
without  any  evidence  of  gangrene.  The  streptococcus  alone  produced  only  a  slight  red 
swelling,  as  did  the  combination  of  streptococcus  and  diplitlieroid  Ijacillus.  The  diphthe- 
roid bacillus  alone  produced  no  lesion. 

In  the  second  twenty- four  hours  the  lesion  with  the  staphylococcus  alone  increased 
slightly  in  size  but  thereafter  subsided,  finally  localizing  as  a  small  abscess  from  which 
the  organism  was  recovered  after  two  weeks.  The  lesion  produced  by  the  combination 
of  staphylococcus  and  streptococcus  increased  in  the  second  twenty-four  hours  and  a 
large  irregular  area  of  frank  gangrene  developed  which  separated  at  the  inargin  after 
five  days  and  sloughed  out.  Both  organisms  were  recovered  from  the  lesion.  This 
experiment  was  repeated  twelve  times  in  guinea-pigs  and  rabbits  and  in  every  case  but 
one  produced  a  large  lesion  with  more  or  less  gangrene.  The  lesion  in  one  of  the 
guinea-pigs  is  shown  in  Figs.  7  and  8.  In  one  rabbit  the  mixture  produced  no  gangrene 
but  an  abscess  formed  three  times  the  size  of  the  controls.  In  one  instance  a  silkworm 
gut  suture  contaminated  with  the  staphylococcus  was  passed  through  an  area  into  which 
the  streptococcus  had  been  injected,  and  it  was  tied  with  moderate  tension.     Gangrene 
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developed  around  the  suture  with  a  wide  zone  of  swelhng  outside  of  it.     The  process 
generally  reached  its  peak  in  three  to   four  days,  and  thereafter   subsided.     It  did  not 
spread  progressively  as  in  the  human  case.     On  three  occasions  out  of  nine  the  staphylo- 
coccus, when  injected  alone  twice  in  a  double  dose  and  once  in  a  single  dose  in  small  pigs, 
produced  some  superficial  gangrene,  but  in  six  cases  it  simply   formed  a  small  abscess. 
Because  of  this  occasional  inconsistency,  the  experiment  was  repeated  in  a  (1"L'   in  (irdcr 
to  use  an  animal  with  thicker 
skin    and    more    subcutaneous    I 
tissue.     On  the  right  side  the 
staphylococcus     was     injected 
alone,    on    the    left    side    the 
streptococcus  alone  and  in  the 
centre    the    same   quantity   of 
these  two,  mixed  together.    A 
total    volume    of    five    cubic 
centimetres   was  injected  into 
each   area,   the   pure   cultures 
being  diluted  with  broth.    Care 
was  taken,  to  put  each  injec- 
tion   into    the    subcutaneous 
tissue    with    a    minimum    of 
trauma  at  the  point  of  injec- 
tion.    In  twenty-four  hours  a 
moderate  swelling  appeared  at 
the  site  of  the  staphylococcus 
injection  and  a  slightly  larger 
one   at   the   site   of   the   com- 
bination.     Only   slight   swell- 
ing   appeared    where    the 
streptococcus     was     injected 
alone.     In    four    days    the 
mixture  had  produced  a  large 
swelling  four  times  as  large 
as    the    staphylococcus    alone 
and    there    was    an    irregular 
patch    of    early    gangrene    in 
the  centre.     The  staphylococ- 
cus lesion  thereafter  subsided 
without  gangrene. 

On  the  the  fifth  day  frank 
gangrene  developed  at  the  in- 
jection site  of  the  mixture 
and  on  the  sixth  day  it 
sloughed  out,  leaving  an 
undermined  gangrenous  margin.  This  spread  slightly  for  a  day  t)r  two  and  tiicii  subsided, 
but  showed  very  little  tendency  to  heal.  The  dog  died  of  pneumonia  on  the  eighteenth 
day  after  inoculation.  Stages  of  this  process  are  shown  in  Figs.  4.  5,  and  0.  The 
similarity  of  Figs,  i,  6,  and  8  is  striking. 

Co7;n;/r»/.— Altlioiigh  no  definite  conclusions  can  be  drawn  from  these 
experiments,  there  seems  to  be  evidence  that  in  rrtiinca-pigs  and  in  rabbits  and 
in  the  only  dog  in  which  the  experiment  was  tried  the  non-hrenmlytic  niicro- 
aerophilic  streptococcus  and  the  hremolytic  staphylococcus  aureus  cultured 
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cus  after  lorty-cight  hours.     The 


Fig.  7. — The  Usiun  proUu 
streptococcus  and  the  staphylococci;  . 

light  areas  in  the  centre  are  yellow  .lead  skm.     Lite  siitc.     Slightly 
reduced. 


PROGRKSSIVK  C.AXr.RKXOUS  IXFKCTION  OF  TllK  SKIN 

fnnii  ihe  patient's  woiuul,  wlicn  injected  together  intuUu-e.l  oaugrene  almost 
invariably,  while  these  organisms  injected  separaiclv  did  not—the  strep- 
tococcus never  and  the  stajtiiyloeoecns  only  rarelv  in  small  -ninea-pigs.  These 
exi)crinients  suggest  that  a  certain  symbiotic  tnnclion  or  a  comlnnation  of 
functions  of  these  two  organisms  mav  he  necessary  tor  the  luodnciion  ol 
the  gangrene.   The  rarity  of  its  occnrrence  clinically  may  he  explained  by  tbc 

ni'cessitv  for  the  coinci- 
(U'ncr  (if  two  snch  organ- 
isms in  the  wonnd.  The 
sircptococcns  i  s  m  n  c  h 
mure  rare  in  its  occm'- 
rence  than  tin-  slaphylo- 
eoccns  anrt'n>  and  might 
easily  be  overlooked  in 
iMUtine  enltnres. 

\\  liicb  organism  is  the 
r-siMilial  one  in  the  pro- 
duction of  gangrene  is  a 
(juestion  not  yet  f  n  1  1  y 
aiiswt'red.  In  this  patient 
the  streptococcns  was 
I'onnd  m  o  r  e  extensively 
invading  the  tissnes  while 
the  staphylococcus  w  a  s 
only  i)resent  in  the  gan- 
grenous margin.  When 
the  gangrenous  margin 
was  ])arlially  excised,  the 
])  r  o  c  e  s  s  continued  to 
-piead.  but  when  it  was 
((.mpletely  removed,  the 
])rocess  ceased.  Even 
though  the  cut  m  a  r  gi  n 
vielded  a  growth  of  the 
stre])t()Coccus,  the  b  o  d  y 
took  care  of  th(!  infection 
which  remained.  In  ani- 
mals   the    staphylococcus 
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.^lon  in  the  sanic-Buinea  piR  after  six  clays.     There 

ha*  oecii  i»  *ii|ilii  si>read  involving  the  umbilicus.    Life  size.   Slightly 
reduced. 


produced  the  greater  lesion  when  injected  alone,  bnl  on  diie  occasion  a 
mixture  of  the  .streptococcus  with  a  control  h.emolytic  slaphyloccjccus  aureus 
produced  an  extensive  gangrenous  lesion,  while  the  sta])hylococcus  from  this 
case  mixed  with  the  diijhtheroid  bacillus  i)rodn<e<l  no  gangrene.  We  favor 
the  following  explanation  for  the  phenomenon.  The  infection  with  strepto- 
coccus prepared  the  z.'oy  for  (jangrcnous  process,  but  for  its  actual  production 
a  second  organism  u^as  necessary-^n  this  case  the  staphylococcus  aureus. 
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The  solution  of  this  jirohlem  will  require  more  extensive  experimentation 
The  reaction  of  lahorator_\-  animals  to  infection  is  often  so  dift'erent  from 
that  of  human  heings  that  it  is  important  to  take  every  opportunity  to 
study  this  condition  as  it  exists  in  man.  These  cases  are  so  uncommon 
that  it  is  not  likely  that  one  person  would  have  the  opportunity  to  study  such  a 
condition  more  than  once  or  twice.  Our  lindinjLjs  are  reported  in  detail  in  order 
that  they  may  he  com])are(l  with  similar  studies  made  hv  other  observers,  h 
will  be  of  interest  to  search  lor  such  a  combination  of  orii;anisms  in  other 
lesions  of  this  kind  for  it  is  only  by  rejieatedly  linding  these  conditions  prevail- 
ing", that  we  can  be  certain  that  the  cause  of  the  disease  has  been  demonstrated. 
It  is  not  unlikely  that  such  combinations  were  ]M-esent  in  the  cases  jireviously 
reported  by  Cullen  of  Baltimore.  Christopher  of  Chicago.  Alexander  of  Phila- 
delphia, in  the  case  observed  by  Moschcowitz  of  Xew  York  and  in  the  first 
case  seen  by  Doctor  Brewer. 
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GASTRIC     MOTILITY 

I.     THE     ORIGIN     AND     CHARACTER     OF     GASTRIC     PERISTALSIS  * 

EUGENE    KLEIN.    M.D. 
Adjunct  Attending  Surgeon  to  the  Mt.  Sinai  and  Bronx  Hospitals 

NEW     YORK 
METHODS 

The  original  purpose  of  this  study  was  to  ascertain  the  effects  of 
the  various  surgical  procedures  on  the  character  of  gastric  peristalsis  and 
the  motility  of  the  stomach.  Various  possible  inethods  of  study  pre- 
sented themselves : 

First,  observation  of  the  stomach  by  means  of  the  roentgen  ray 
following  the  operation,  and  comparison  with  the  normal. 

Second,  the  insertion  of  a  balloon  into  the  stomach  and  the  study 
of  the  gastric  waves  as  transmitted  by  the  balloon  and  recorded  on  a 
smoked  drum  after  the  various  operations. 

Third,  observation  of  the  stomach  in  situ  through  a  laparotomy 
incision  after  surgical  operation  at  an  earlier  date,  and 

Fourth,  excision  of  the  stomach  in  toto  and  suspension  in  a  warm 
bath  of  Ringer's  solution. 

The  third  method  was  selected  because  it  furnished  direct  visual 
evidence  of  the  phenomena  that  were  taking  place,  and  because  it 
afforded  more  normal  conditions  than  the  last  method.  It  was  also 
planned  to  make  concurrent  studies  with  the  roentgen  rays. 

After  some  of  the  early  experiments  it  became  evident  that  the 
motor  phenomena  of  the  stomach  under  the  conditions  of  these  experi- 
ments did  not  entirely  agree  with  the  conception  of  them  held  by  many 
physiologists.  It  was  therefore  decided  to  confine  this  work  to  the 
study  of  normal  gastric  peristalsis  and  the  pylorus.  The.se  experiments 
were  completed  in  1922,  but  owing  to  illness  could  not  he  reported 
sooner. 

It  is  known  that  a  laparotomy  usually  causes  a  cessation  of  peristaltic 
activity  due  to  the  reflex  inhibitory  impulses  that  are  set  up.  To  over- 
come that  difficulty,  Auer  '  suggested  sectioning  one  or  both  groups  of 
extrinsic  nerves.  Because  of  the  ease  with  which  vagus  section  may 
be  performed,  that  procedure  was  decided  on  for  this  work.  The 
objections  that  may  be  raised  against  the  method  will  be  considered 
presently. 

Only  dogs  were  used  in  the  experiments.  At  first  the  vagi  were 
sectioned    in    the    neck.      Nearly   all    these   animals    died    of    broncho- 


*  From  the  laboratories  of  the  Department  of  SurRcry  of  the  Columbia 
University  College  of  Physicians  and  Surgeons. 

1.  Auer,  T. :  The  Course  of  the  Contraction  Wave  in  the  Stomach  of  the 
Rabbit,  Am!  j.  Physiol.  23:165.  1908-1909. 


pneumonia,  probably  following  the  paralysis  of  the  laryngeal  muscles. 
One  of  these  animals  was  alive  two  weeks  after  the  date  of  sectioning, 
but  was  vomiting  nearly  all  the  food  he  ate,  owing  to  a  paralysis  of 
the  e-  '  muscles.     For  these  reasons  vagus  section  in  the  neck 

was  ;.  1   and  the   nerves   were   divided    just   as  they   emerged 

through  the  diaphragm. 

The  nerves  are  easily  reached  through  a  high  midline  incision.  If 
the  lesser  curvature  is  put  on  the  stretch,  they  are  felt  as  two  firm, 
unyielding  cords  on  either  side  of  the  curvature.  The  section  was 
performed  as  high  up  as  possible  in  order  to  reach  a  point  above  that 
at  which  the  branches  are  given  oft".  Even  so,  later  necropsies  occasion- 
ally showed  that  a  branch  was  given  off  in  the  chest  and  that  this  branch, 
passing  down  independently  of  the  main  trunks,  had  not  been  severed. 
As  this  work  was  not  concerned  with  the  effects  of  vagus  section  but 
rather  with  motility,  such  an  occasional  finding  did  not  vitiate  the  results. 
Postmortem  examination  Nvas  always  performed  and  among  other 
things  the  vagus  section  was  noted. 

As  some  authors  have  reported  ulcers  following  vagus  section,  I 
incidentally  state  that  there  was  not  the  slightest  indication  of  a  lesion 
comparable  to  an  indurated  ulcer  in  any  of  the  animals. 

Twenty-five  healthy  animals  were  examined  after  vagus  section.  In 
two  of  these,  bilateral  section  had  been  performed  in  the  neck ;  in  two, 
unilateral  section  had  been  carried  out  in  the  abdomen,  and  in  the 
remainder,  both  vagi  had  been  severed  at  the  level  of  the  diaphragm. 
The  operation  had  been  performed  in  a  much  larger  number,  but  the 
remainder  developed  distemper  during  several  epidemics  in  the  labora- 
tory and  were  therefore  discarded.  In  addition,  sleeve  resection  was 
performed  on  two  animals;  a  V  resection  of  the  reentrant  angle  on 
four,  and  an  excision  of  a  small  area  of  the  anterior  gastric  wall  on 
two.     In  all  the  latter,  bilateral  vagus  section  also  was  done. 

A  transverse  upper  abdominal  incision  under  light  ether  anesthesia 
was  usually  made  one  week  after  vagus  section.  The  stomach  was 
left  in  its  natural  surroundings.  All  exposed  surfaces  v/ere  kept  moist 
by  the  continuous  drip  of  physiologic  sodium  chlorid  solution  at  body 
temperature. 

It  is  flifficult  in  the  extreme  to  study  organs  experimentally  and  yet 
retain  normal  conditions.  Nevertheless,  even  though  the  anatomy  of 
an  organ,  for  instance,  is  altered,  it  does  not  necessarily  follow  that 
all  the  experimental  results  obtained  under  such  conditions  are  inapplica- 
ble to  the  normal  organ.  A  dog  equipped  with  a  "Pawlow  stomach" 
and  a  gastric  fistula  can  hardly  be  said  to  possess  a  normal  organ. 
Yet  the  phenomenon  of  the  appetite  juice,  which  among  others  was 
firmly  established  by  this  experimental  procedure,  is  by  general  consent 
held  to  be  just  as  true  for  the  intact  stomach.     Also,  if  one  group  of 


findings  is  confirmed  by  a  second  experimental  procedure  that  is  utterly 
difterent  from  the  first,  that  confirmation  lends  added  importance. 

In  this  work  an  attempt  was  made  to  see  the  stomach  while  it  was 
at  work.  The  factors  that  had  to  be  overcome  were  the  inhibitions 
to  the  gastric  motor  phenomena  due,  first,  to  reflexes  from  the  incised 
abdominal  wall,  and,  second,  to  the  emotions  that  would  be  aroused  in 
the  dog  were  he  to  feel  and  see  the  experimental  procedures.  To  over- 
come the  first  difficulty,  the  vagi  were  incised,  as  has  alreadv  been 
stated;  to  overcome  the  second,  a  light  ether  anesthesia  just  sufficient 
to  abolish  consciousness  was  used.  Do  the  cut  vagi,  the  ether  anesthesia, 
and  the  exposure  of  the  organs  following  the  laparotomy  render  the 
results  obtained  inapplicable  to  normal  conditions? 

Our  knowledge  concerning  the  extrinsic  nerves  of  the  stomach  is  as 
yet  incomplete,  but  one  fact  seems  certain.  We  cannot  regard  the 
vagi  as  purely  motor,  and  the  splanchnics  as  purely  inhibitory;  both 
systems  of  nerves  carry  motor  and  inhibitory  fibers.  Thomas  and 
W'heelon,-  who  give  an  excellent  summary  of  the  experimental  investi- 
gations on  the  gastric  extrinsic  nerves,  conclude  from  their  own  work 
that  stimulation  of  the  vagus  leads  to  motor  responses  in  about  90  per 
cent,  of  the  trials,  and  to  inhibitory  responses  on  the  pyloric  sphincter 
in  10  per  cent.  In  the  case  of  the  splanchnic  nerves,  stimulation  leads 
to  motor  responses  in  63  per  cent,  of  the  trials  and  to  inhibitory 
responses  in  37  per  cent.  In  other  words,  under  the  conditions  of  their 
experiments  motor  phenomena  were  far  more  frequent  following  the 
stimulation  of  either  system,  and  their  work  bore  out  the  findings  of 
others  that  the  vagi  did  possess  inhibitory  fibers.^ 

What  is  more  striking  is  the  fact  agreed  to  by  many  that  the  stomadi 
may  function  with  apparently  little  or  no  change  following  the  division 
of  either  or  both  of  the  extrinsic  systems  of  nerves.  Thus  Cannon  * 
found  that  after  severing  the  vagi  in  cats  there  was  a  temporary  slow- 
ing of  the  gastric  peristalsis  and  a  lowering  of  tone,  but  that  the 
animals  recovered  from  these  effects  within  a  few  days.     Auer  *  found 

2.  Thomas,  J.  E.,  and  Whcelon.  H. :  The  Nervous  Control  of  tlie  Pyloric 
Sphincter,  J.  Lab.  &  Clin.  Med.  7:375  (April)   1922. 

3.  Cannon,  W.  B. :  The  Motor  Activities  of  the  Stomach  and  Small  Intes- 
tine After  Splanchnic  and  Vagus  Section.  Am.  j.  Physiol.  17:429,  1906. 
Langley:  On  Inhibitory  Fibers  in  the  Vagus  for  the  End  of  the  Esophagus  and 
the  Stomach,  J.  Physiol.  23:407.  1898.  May,  Page:  The  Innervation  of  the 
Sphincters  and  Musculature  of  the  Stomach.  J.  Physiol.  31:260.  1904.  Marcacci. 
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the  Gastric  Motility  in  Rabbits,  Am.  J.  Physiol.  25:334.  1909-1910;  Gastric 
Peristalsis  in  Rabbits  Under  Normal  and  Some  Experimental  Conditions. 
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in  rabbits  that  a  tew  days  after  section  of  the  vagi  or  splanchnics,  or 
both,  the  peristalsis  is  once  more  normal  in  rate,  rhythm  and  strength. 
Borchers,"  who  observed  the  peristalsis  in  cats  through  a  window  in  the 
alxlominal  wall,  foimd  that  live  days  after  vagus  section  the  peristalsis 
was  once  more  normal.  AldehotY  and  \'on  Mering  '  and  Kirschner  and 
Mangold  '^  reached  a  similar  conclusion,  and  May  "  reports  vagotomy 
performed  without  lasting  effect  in  rabbits,  dogs,  cats  and  apes. 

In  the  majority  of  the  experiments  performed  by  me,  the  ])eristalsis 
was  studied  from  seven  to  ten  days  after  the  section  of  the  vagi. 
Peristalsis  was  present  in  spite  of  the  abdominal  incision  in  about 
three  fourths  of  the  dogs.  It  would  seem  that  in  these  dogs  the  section 
of  the  vagi  had  removed  a  sufficient  numl)er  of  inhibitory  fibers  to 
permit  the  persistence  of  peristalsis  even  after  laparotomy.  Further- 
more, the  interval  mentioned  above  was  found  to  be  the  best.  If  a 
much  longer  period  was  pemiitted  to  elapse  after  vagus  section, 
peristalsis  was  only  very  rarely  seen  after  laparotomy.  Perhaps  that 
was  due  to  the  establishment  of  a  compensatory  action  by  the  remaining 
inhibitory  fibers  of  the  splanchnics.  However,  as  all  these  observations 
were  made  at  a  time  when,  according  to  all  the  authorities  mentioned 
above,  normal  peristaltic  relations  had  once  more  been  established  after 
the  vagotomy,  it  appears  to  be  fair  to  regard  the  motor  i)henomena  that 
were  found  as  closely  similar  to,  if  not  the  same  as,  those  occurring 
under  normal  conditions. 

Does  the  administration  of  a  light  ether  anesthesia  render  the  results 
inapplicable  to  normal  conditions?  The  abdominal  wall  of  the  rabbit 
is  quite  thin,  and  if  the  abdominal  hair  is  shaved  the  peristaltic  waves 
may  be  seen  to  course  down  the  stomach  after  a  full  meal.  Auer,'° 
utilizing  that  fact,  made  careful  observations  of  this  peristalsis.  Cer- 
tainly this  method  comes  very  close  to  nearly  normal  conditions.  Besides 
watching  the  course  of  the  peristaltic  waves,  he  made  graphic  records 
of  them  by  placing  a  Marey  receiving  tambour  on  the  pyloric  third 
of  the  stomach.  In  addition  to  other  work,  the  efTect  of  the  adminis- 
tration of  an  ether  anesthetic  was  studied.  With  the  exception  of  some 
irregularity  at  first,  due  to  inhibitions   set  up   from   the  nasopharynx 
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during  induction,  he  found  that  gastric  peristalsis  is  "at  least  as  regular 
as  before  the  anesthesia.  This  regularity  is  maintained  even  when  the 
corneal  reflex  is  absent."  Apparently,  then,  light  ether  anesthesia  does 
not  have  any  profound  effect  on  gastric  peristalsis.  Certainly  there  is 
no  evidence  that  it  helps  to  create  irregular  types  of  waves.  And  the 
evidence  presently  to  be  advanced  lends  added  support  to  these  findings. 
Wheelon  and  Thomas  ^^  also  found  an  ether  anesthesia  entirely  satis- 
factory for  their  studies  on  the  effects  of  stimul'ition  of  the  extrinsic 
nerves. 

Exxept  when  otherwise  stated,  the  dogs  were  fed  one-half  hour 
before  the  observations.  The  meal  totaled  400  c.c.  In  some  of  the  later 
experiments  dififerent  quantities  were  used  and  this  is  so  stated.  The 
meal  consisted  either  of  broth  with  meat  and  bones  or  of  milk  with  (ir 
without  bread. 

Following  the  laparotomy  for  the  study  of  the  gastric  peristalsis  in 
the  dogs,  the  exposed  surfaces  were  kept  continuously  moist  and  warm 
with  physiologic  sodium  chlorid  solution.  The  edges  of  the  wound  weVe 
not  widely  retracted,  but  were  held  open  only  sufficiently  to  permit 
observation  of  the  parts  desired.  Several  dogs  were  studied  while 
entirely  immersed  in  a  warm  bath  of  physiologic  sodium  chlorid  solu- 
tion, but  as  this  method  did  not  seem  to  afford  any  added  adx'antages. 
the  former  method  was  resorted  to.  The  results  reported  are  not  at 
variance  with  findings  obtained  by  other  methods. 

The  discussion  has  been  divided  into  the  following  parts : 
I.  The  origin  of  the  gastric  wave. 

II.  The  character  of  the  gastric  peristaltic  wave. 

III.  The  conduction  of  the  gastric  peristaltic  wave. 

IV.  The  relation  of  the  antral  contraction  to  the  di.scharge  of  food- 
stuffs through  the  pylorus. 

V.  The  mechanism  of  the  pylorus ;  and  under  this  a  discussion  of 

(a)  the  chemical  theory  of  control;  (b)  the  mechanical  theory 

of  control,  and  (V)  the  probable  manner  of  pyloric  control. 

Divisions    I    and    II    form    the    subject    of    the    present    article; 

Division  III  will  be  taken  up  in  a  second  article,  and  Divisions  W  and  V 

in  a  third. 

ORIGIN     OF     THE     GASTRIC     W.WK 

During  recent  years  there  has  been  a  tendency  to  ascribe  to  the 
stomach  physiologic  phenomena  jiarallel  to  those  found  in  the  heart. 
And  such  an  attempt  can  be  readily  understood,  for  it  would  help  much 
to  clarify  some  of  our  conceptions  of  the  physiology  and  surgery  of 
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the  stomacli  wore  \\c  able  to  slu>\v  tlie  presence  of  a  nodal  center  in 
which  the  gastric  waves  arise  and  a  conduction  system  through  which 
they  are  propagated. 

It  has  been  accepted  i\>r  the  most  part  as  true  that  the  gastric  waves 
commence  in  the  body  of  the  stomach,  lloffmeister  and  Schiitz,'-  in 
their  classical  experiments,  described  them  as  commencing  on  the 
greater  curvature  at  a  level  a  few  centimeters  below  the  cardia.  Their 
experiments,  which  will  be  fully  detailed  below,  were  performed  on  the 
excised  stomachs  of  dogs.  Much  later.  Cannon  '^  found  that  the  first 
waves  were  usually  seen  in  the  pyloric  region,  and  that  following 
waves  began  nearer  to  the  cardia.  Me  believed  that  there  was  no  special 
site  for  the  origin  of  the  waves.  l)ut  that  they  originated  in  a  "tonus 
ring"  (a  contracted  ring  of  the  circular  musculature)  when  the  latter 
was  distended  by  an  increase  of  the  internal  pressure,  and  that  the 
contraction  thus  started  was  propagated  in  a  downward  direction.  He 
could  not  state,  however,  what  the  conditions  were  for  the  establishment 
of  these  ''tonus  rings." 

But  now  an  attempt  has  been  made  to  lind  a  gastric  pacemaker  that 
would  correspond  in  some  degree  to  the  sino-auricular  node  of  the  heart, 
and  it  seems  possible  that  such  a  center  exists  on  the  lesser  curvature 
at  the  cardia,  close  to  its  junction  with  the  esophagus.  The  evidence  in 
favor  of  such  a  view  is  both  anatomic  and  experimental. 

While  working  on  the  nerve  structures  in  the  stomach  of  the  rabbit, 
Openchowski  ^*  found  eleven  groups  of  ganglions  on  the  lesser  curvature 
at  the  cardia.  These  lay  on  the  serosa  and  were  in  close  relation  to 
the  fibers  of  the  vagus  and  the  sympathetic.  More  recently  Keith, ^° 
while  studying  the  nature  and  origin  of  the  nodal  and  conducting  tissue 
of  the  heart,  turned  his  attention  to  the  alimentary  tract  in  the  hope 
that  he  might  there  discover  a  similar  structure  in  a  less  highly  developed 
state.  He  ffjund  in  his  examinations  of  the  stomachs  of  a  large  number 
of  mammals  that  the  myenteric  plexus  was  well  developed  both  in  the 
pyloric  division  of  the  stomach  and  along  the  lesser  curvature,  but  that 
it  was  much  less  abundant  elsewhere  in  the  gastric  wall.  Further,  at  the 
ring  just  distal  to  where  the  esophagus  ends,  there  was  a  distinct  modifi- 
cation of  the  musculature  and  of  the  plexus.  Here  he  founrj  a  definite 
development  of  neuromuscular  junctional  tissue — "just  such  an  area 
as  might  serve  for  a  nodal  center  of  the  stomach."     In  iho  porcupine, 
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the  microscopic  appearance  of  the  tissue  at  this  junction  was 
very  similar  to  that  of  the  sino-auricular  node  in  the  heart  of  this  animal. 
Keith  concluded  from  his  studies  that  a  main  nodal  center  for  the 
stomach  existed  at  the  cardia  and  that  in  it  the  rhythmic  contractions  of 
the  stomach  were  initiated. 

The  fine  work  of  Alvarez  ^^  has  added  strength  to  this  conception 
m  recent  years.  Working  first  with  muscle  strips  excised  from  different 
portions  of  the  stomach,  he  showed  that  those  excised  from  the  lesser 
curvature  near  the  cardia  possessed  a  greater  tendency  to  rhythmic  con- 
traction than  those  from  any  other  part  of  the  stomach,  and  that  only 
the  former  strips  could  be  counted  on  to  give  typical  and  regular  contrac- 
tions in  every  case.  The  rate  of  rhythmic  contraction  was  most  rapid 
at  the  cardia,  a  little  slower  on  the  lesser  curvature  down  to  the  angle, 
and  much  slower  in  all  other  parts  of  the  stomach,  especially  in  the 
antrum.  He  further  showed  that  with  electrical  stimulation  of  the 
different  portions  of  the  stomach  wall  the  lesser  curvature  near  the 
cardia  displayed  the  shortest  latent  period  ;  the  rest  of  the  lesser  curvature 
was  next,  then  the  greater  curvature,  and  finally  the  antrum.  The  tests 
for  irritability  yielded  similar  results,  because  stimuli  that  were  too 
weak  to  cause  a  contraction  in  other  parts  of  the  stomach  nevertheless 
produced  that  effect  on  the  muscle  from  the  cardia.  Barbera  ''  long 
ago  reported  like  findings;  when  applying  a  weak  faradic  current  to 
the  stomach  of  a  frog,  he  found  that  the  first  contraction  always  appeared 
at  the  cardia,  entirely  regardless  of  whether  the  stimulus  was  applied 
there  or  to  the  fundus  or  to  the  antrum,  and  that  this  contraction  was 
then  followed  by  a  typical  peristaltic  wave. 

Since,  then,  there  is  an  accumulation  of  tissue  on  the  lesser  curvature 
at  the  cardia  which  closely  resembles  a  nodal  center,  and  since  the  mu.scle 
here  possesses  a  higher  degree  of  irritability,  rhythmicitv  and  con- 
tractility than  any  other  portion  of  the  gastric  wall,  it  seems  fair  to 
assume  that  this  part  of  the  stomach  acts  as  a  gastric  pacemaker. 

But  if  this  is  true,  why  do  not  the  gastric  waves  commence  at  that 
point?  The  roentgen  ray  apparently  shows  them  to  start,  as  Cannon  "* 
first  pointed  out,  in  the  body  of  the  stomach.  But  it  does  not  necessarily 
follow  that  there  actual  point  of  origin  is  at  the  level  at  which  they 
first  appear  on  the  fluoroscopic  screen.    For  it  is  surely  possible  that  a 
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ven-  shallow  contraction  of  the  gastric  muscle  may  not  cause  a  suf- 
ficiently deep  indentation  in  the  shadow  cast  by  the  barium  meal  to  niake 
it  readily  perceptible. 

In  the  dogs  examined  at  the  laboratory,  it  seemed  evident  that  the 
gastric  waves  commenced  in  nearly  all  cases  at  the  level  of  the  cardia. 
High  up  in  the  body  of  the  stomach  there  usually  was  no  indentation. 
But  what  Alvarez  has  very  aptly  called  a  "ripple"  was  readily  dis- 
cernible, and  as  this  ripple  spread  downward  it  gradually  grew  deeper 
and  formed  the  peristaltic  wave  visible  by  the  fluoroscope. 

That,  too,  seems  to  be  the  conclusion  of  Auer  ^  and  of  Alvarez, ^'^ 
who  is  applying  the  galvanometer  to  a  study  of  the  contractions  of  the 
stomach.  The  electrical  records  show  that  "many  of  the  waves  which 
seem  to  begin  in  the  lower  third  of  the  stomach  have  come  as  shallow 
ripples  from  a  pacemaking  region  near  the  cardia,"  and  that  definite 
electrical  disturbances  are  traveling  down  the  upper  part  of  the  stomach 
in  advance  of  the  peristaltic  wave,  even  when  no  movement  of  the 
muscle  can  be  detected. 

CHARACTER    OF    GASTRIC     PERISTALSIS 

Today  our  coticeptions  of  the  gastric  peristaltic  wave  are  for  the 
most  part  dependent  on  the  shadows  seen  on  the  fluoroscopic  screen. 
And  this  picture  is  so  readily  available  that  the  possibility  of  the  waves 
being  quite  different  under  other  conditions  is  hardly  considered.  But  it 
seems  quite  certain  that  other  types  do  occur. 

As  previously  stated,  the  roentgen  ray  shows  the  wave  commencing 
about  the  middle  of  the  stomach.  Shallow  at  the  onset,  it  slowly 
deepens  till  it  reaches  the  antrum,  but  from  here  on  it  increases  markedly 
in  depth  and  intensity  until  it  reaches  the  pylorus.  In  addition.  Cole  ^° 
has  described  a  further  phenomenon,  to  which  Alvarez,^"  after  his 
electrical  studies,  also  subscribes.  While  the  waves  are  progressing 
downward,  and  several  may  be  present  in  the  stomach  at  one  time,  there 
is  a  rhythmic  increase  and  diminution  of  the  gastric  tone,  resulting  in  a 
constriction  and  dilatation  of  the  gastric  lumen,  and  of  the  waves  that 
are  then  present.    Cole  terms  the  former  systole,  and  the  latter  diastole. 

The  first  discordant  voice  of  recent  times  was  raised  by  Auer.  His 
description  is  closely  reminiscent  of  the  work  of  the  earlier  physiologists. 
Stated  ver}'  briefly,  these  pioneers  believed  that  after  the  wave  reached 
the  antrum  the  musculature  of  the  latter  contracted  as  a  whole,  much 
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like  the  ventricle  of  the  heart.  The  newer  view  is  that  the  normal 
peristaltic  wave  progresses  uninterruptedly  from  its  point  of  onset  to 
the  pylorus,  passing  over  the  antrum  as  a  wave.  It  is  very  curious 
that  all  methods  for  the  investigation  of  gastric  motility,  with  the 
exception  of  the  roentgen  ray,  yield  results  tending  to  show  the  existence 
of  the  former  type  of  wave. 

Beaumont,^^  who,  it  will  be  remembered,  observed  the  stomach  in 
man  through  a  gastric  fistula,  gives  his  findings  in  the  following  words: 

"The  longitudinal  muscles  of  the  whole  stomach,  with  the  assistance  of  the 
transverse  ones  of  the  splenic  and  central  portions,  carry  the  contents  into 
the  pyloric  extremity.  The  circular  or  transverse  muscles  contract  pro- 
gressively, from  left  to  right.  When  the  impulse  arrives  at  the  transverse 
band,  this  is  excited  to  a  more  forcible  contraction,  and  closing  upon  the 
alimentary  matter  and  fluids  contained  in  the  pylorus,  prevents  their  regurgita- 
tion. The  muscles  of  the  pyloric  end,  now  contracting  upon'  the  contents 
detained  there,  separate  and  expel  some  portion  of  the  cliyin.-  •" 

This  was  written  in  1833. 

A  half  century  later,  Hoffmeister  and  Schutz  '-  jjerformed  their 
work  on  the  stomachs  of  dogs.  The  stomach  was  excised  after  the 
animal  was  bled  to  death ;  then  it  was  suspended  in  a  moist  chamber  by 
means  of  the  lesser  omentum.  The  movements  were  observed  through 
a  glass  window.  These  workers  divided  the  gastric  cycle  into  two  parts. 
During  the  first  part,  the  peristaltic  wave  begins  on  the  greater  curvature, 
a  few  centimeters  from  the  cardia,  and  then  passes  downward,  grow- 
ing gradually  deeper  until  it  reaches  the  "spliincter  antri."  The  second 
phase  begins  with  the  contraction  of  the  '"sphincter  antri."  which  at  that 
point  practically  obliterates  the  lumen  and  divides  the  stomach  into  two 
parts.  (The  term  "sphincter  antri"  is  applied  to  the  ring  of  circular 
muscle  at  the  beginning  of  the  antrum.)  Then  follows  either  a  general 
contraction  of  the  antral  musculature,  including  the  circular,  the  oblique 
and  the  longitudinal,  or  first  a  shortening  of  the  length  of  the  antrum 
by  one-third  or  one-fourth,  and  then  a  contraction  of  the  circular 
muscle.  They  never  observed  peristaltic  transmission  of  the  wave  in 
the  antrum.  Relaxation  did  not  occur  generally,  but  started  in  the 
beginning  of  the  antrum  and  extended  down  to  the  pylorus.  To  the 
entire  cycle  they  gave  the  name  peristole.  Not  all  the  cycles  were  of 
this  typical  type.  The  most  common  variation  was  for  either  the  first 
phase  or  the  second  to  occur  without  the  other.  Occasionally  they 
saw  a  rapid  wave  start  at  the  closed  pylorus  and  run  back  to  the 
sphincter  antri,  terminating  with  a  contraction  of  the  latter.  These 
retrograde  waves  were  seen  only  in  those  stomachs  that  contained  coarse 
food ;  so  they  concluded  that  some  coarse  particles  had  gotten  into  the 
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antrum  and.  not  having  been  pushed  through  the  pylorus  by  the  pre- 
ceding wave,  were  now  being  forced  back  into  the  body  of  the  stomach. 

Auer/"^  utilizing  the  fact  that  the  abdominal  wall  of  the  rabbit  is 
very  thin,  and  that  if  the  hair  is  removed  gastric  peristalsis  is  easily 
visible  tiirough  it,  was  able  to  watch  the  gastric  peristalsis  without 
opening  the  abdomen — certainly  untlcr  very  ideal  conditions.  The 
waves  which  he  saw  corresponded  closely  to  those  described  by  Hoff- 
meister  and  Schiitz.  Occasionally,  however,  a  wave  progressed  uninter- 
ruptedly to  the  pylorus,  just  as  it  is  seen  to  do  on  the  fluoroscopic  screen. 
Borchers.^  who  inserted  a  glass  window^  into  the  abdominal  wall  of  the 
cat  and  in  that  manner  studied  the  behavior  of  the  gastric  weaves,  also 
found  them  to  be  similar  to  those  described  above. 

After  studving  the  dog's  stomach  for  some  time  I  received  more 
and  more  strongly  the  impression  that  there  is  no  such  thing  as  a  single 
normal  type  of  peristaltic  wave.  There  are  at  least  two  main  types, 
but  variations  within  these  are  quite  common.  Let  us  consider  first  the 
type  corresponding  to  that  described  by  Beaumont,  and  as  outlined 
above. 

The  wave  starts  on  the  body  and  the  greater  curvature  on  a  level  with 
the  cardia.  During  the  early  part  of  digestion,  it  is  very  shallow  but 
later  becomes  more  marked.  Progressing  downward  it  grows  deeper 
and  deeper  until  it  finally  reaches  the  reentrant  angle  at  the  beginning 
of  the  antrum.  Sometimes  the  lesser  curvature  participates  in  these 
waves,  but  for  the  most  part  they  are  limited  to  the  lateral  and  great 
curvatures.     This  might  be  termed  the  ending  of  ihe  first  phase. 

Then  the  following  happens :  The  constriction  at  the  level  of  the 
antrum  (  what  has  been  called  the  sphincter  antri  pylorici)  grows  rapidly 
deeper  without  moving  onward,  that  is,  it  remains  at  the  same  level. 
While  this  is  occurring,  there  is  at  the  same  time  a  concentric  contrac- 
tion of  the  entire  antrum  in  which  both  the  circular  and  the  longitudinal 
fibers  participate,  so  that  the  antrum  diminishes  both  in  circumference 
and  length.  These  contractions  finally  effect  a  total  obliteration  of  the 
antral  lumen.  So  firm  are  they  that  at  their  completion  the  antrum 
looks  like  a  hard,  white,  bloodless  cord,  and  feels  almost  as  firm  as 
bone.  Its  length,  too,  is  considerably  shorter  than  that  of  the  relaxed 
antrum,  a  fact  that  should  be  borne  in  mind  in  roentgen-ray  observations. 
One  can  often  hear  fluid  being  squeezed  through  the  pylorus  while 
the  foregoing  contraction  is  taking  place.  Relaxation  does  not  occur 
generallv  throughout  the  antrum,  but  begins  at  the  angle  and  spreads 
downward  toward  the  pylorus  so  that  the  proximal  portion  of  the  antrum 
is  quite  relaxed  when  the  most  distal  portion  is  just  beginning  to  be 
so.  This  contraction  of  the  antrum  as  a  whole  may  be  called  the  second 
phase. 
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There  can  be  no  doubt  of  the  existence  of  such  a  type  of  wave.  I 
have  seen  it  hundreds  of  times  when  I  was  looking  directly  at  the 
stomach.  Others  have  seen  it  in  the  excised  stomach,  in  the  stomach  in 
situ  observed  through  a  celluloid  window,  and  through  the  thin  abdominal 
wall  of  some  animals.  To  dismiss  it  as  a  wave  seen  only  under  abnormal 
conditions  cannot  be  done,  for  as  has  already  been  stated,  Auer  saw  it 
through  the  intact  abdominal  wall  of  the  rabbit,  and  Holzknecht "  has 
seen  it  with  the  roentgen  ray  in  man.  The  fact  that  the  wave  later 
referred  to  is  the  one  usually  seen  by  means  of  the  roentgen  ray  can  mean 
only  that  that  is  the  type  of  wave  that  occurs  under  the  conditions  that 
are  used  to  elicit  it. 

Both  in  its  first  and  second  phases  this  wave  presents  several  varia- 
tions. The  wave  coursing  down  over  the  body  may  not  progress  as  far 
as  the  angle,  but  may  gradually  grow  shallower  and  disappear  when 
only  one-half  or  two-thirds  of  the  way  from  its  goal.  Or  it  may  pass 
all  the  way  down  to  the  angle  and  stop  there  without  being  followed  by 
a  contraction  of  the  antrum. 

But  it  is  the  variations  of  the  second  phase  that  are  the  most  interest- 
ing. To  begin  with  this  phase  may  occur  entirely  independent  of  the 
first.  Thus,  without  any  warning  there  may  be  a  contraction  of  the 
antral  sphincter,  followed  by  a  contraction  of  the  antrum  as  a  whole. 
At  other  times  the  wave  coming  down  from  the  body  may  continue 
almost  to  the  center  of  the  antrum  before  the  latter  begins  its  systolic 
contraction.  There  are  times,  too,  when  the  antrum  has  contracted 
independently  of  a  wave  from  above,  and  then  while  it  is  relaxing  a 
wave  coursing  down  the  body  reaches  it.  The  antrum  does  not  respond 
by  another  contraction  but  continues  its  relaxation.  The  whole  phe- 
nomenon reminds  one  very  much  of  an  extrasystole  of  the  heart  with 
the  resultant  refractory  stage  of  the  ventricle. 

The  second  type  of  wave  need  not  be  so  minutely  described,  for  it  is 
the  one  usually  seen  with  the  roentgen  ray.  Commencing  at  the  same 
level  as  the  wave  described  above,  it  passes  downward,  growing  grad- 
uallv  deeper,  and  progresses  uninterruptedly  to  the  pylorus.  WHiile  it 
is  passing  through  the  antrum,  a  contraction  of  the  longitudinal  fibers 
occurs  at  the  same  time,  so  that  the  length  of  the  antrum  decreases  and 
the  contraction  grows  more  marked  the  nearer  the  wave  is  to  the  pylorus. 
Often  there  is  a  systolic  contraction  of  the  distal  centimeter  or  two.  I 
have  never  seen  this  type  of  wave  begin  independently  at  the  angle, 
although  I  see  no  reason  why  this  may  not  occur.  The  rhythm  of  both 
types  is  the  same,  there  usually  being  from  three  to  four  waves  per 
minute. 


22.  Holzknecht,  quoted  from  Kacstle.  Ricder  and  Rosenthal :  The  Complex 
Motor  Phenomena  of  Various  Types  of  Unobstructed  Gastric  Peristalsis,  .^rch 
Roentgen  Ray  16:242,  1911-1912. 
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I  tried  to  ascertain  under  what  conditions  the  antral  contraction  is  of 
the  peristaltic  type,  and  when  of  the  systolic.  It  seemed  logical  to  sup- 
pose that  the  presence  of  formed  food  in  the  stomach  gave  rise  to  the 
antral  systole,  and  that  the  purpose  of  the  exceedingly  forcible  contrac- 
tion was  to  help  reduce  the  solids  to  chyme.  The  presence  of  fluid  alone 
in  the  stomach,  on  the  other  hand,  necessitated  only  the  usual  peristaltic 
wave  to  express  these  contents  into  the  duodenum.  However,  while  work 
along  this  Une  was  somewhat  suggestive,  it  was  not  conclusive.  At 
anv  rate,  both  types  of  Nvaves  occur  in  the  normal  stomach  but  the  con- 
ditions which  give  rise  to  one  or  the  other  or  to  their  variations  are  at 
present  undetermined. 

Retrograde  peristalsis  is  another  phenomenon  that  occurs.  When  a 
solid  piece  of  food,  such  as  an  undigested  piece  of  meat,  gets  into  the 
antrum,  a  retrograde  wave  starting  at  the  pylorus  forces  it  back  into  the 
body.  I  have  repeatedly  produced  this  retrograde  wave  by  pushing  a 
solid  piece  of  food  from  the  body  into  the  antrum.  On  one  occasion 
just  as  I  had  completed  the  laparotomy,  I  noticed  a  retrograde  wave. 
Palpation  revealed  an  undigested  piece  of  meat  in  the  antrum. 

SUMMARY 

1.  There  is  both  anatomic  and  experimental  evidence  for  the  ])clicf 
that  the  gastric  wave  originates  in  a  nodal  center  on  the  lesser  curvature 
at  the  cardia. 

2.  There  are  two  main  types  of  gastric  waves :  (a)  the  type  usually 
seen  with  the  roentgen  ray,  in  which  the  wave  progresses  uninterruptedly 
from  its  origin  to  the  pylorus  as  a  peristaltic  wave,  and  (b)  the  type 
in  which  the  wave  passes  downward  as  a  peristaltic  wave  from  its  origin 
to  the  reentrant  angle,  and  this  is  followed  by  a  concentric  contraction  of 
the  antrum  as  a  whole.  These  waves  have  been  described  in  dogs,  cats, 
rabbits  and  man. 

3.  Variations  occur  within  these  types  of  waves,  the  chief  being  the 
following:  (a)  The  wave  passes  down  over  the  body  reaching  the 
angle  and  ending  there.  No  antral  activity  follows,  (b)  Antral  waves 
may  start  at  the  angle  and  pass  to  the  pylorus  as  independent  waves,  and 
not  follow  visible  waves  coming  down  from  above. 

4.  Retrograde  waves  may  start  at  the  pylorus  and  run  back  over  the 
antrum.    The  presence  of  a  solid  body  in  the  antrum  may  initiate  these 
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NEW     YORK 
PROPAGATION     OF     THE     GASTRIC     PERISTALTIC     WAVE 

While  there  is  no  direct  proof  that  a  conduction  system  exists  along 
the  lesser  curvature,  nevertheless  numerous  facts  tend  to  show  that  this 
curvature  is  more  closely  connected  with  the  orderly  propagation  of 
gastric  peristaltic  waves  than  any  other  part  of  the  stomach. 

In  the  first  place,  the  structural  differences  while  not  significant  still 
are  suggestive.  The  differences  in  the  muscosal  folds  and  in  the  glands 
may  be  passed  over  as  not  bearing  especially  on  the  present  problem. 
Keith/  however,  in  studying  the  myenteric  plexus  found  it  was  well 
developed  along  the  lesser  curvature  and  in  the  pyloric  division  of  the 
stomach.  In  the  fundus  and  body  of  the  stomach,  the  fibers  of  this 
plexus  were  much  less  abundant.  Interesting,  too,  is  a  further  observa- 
tion of  his  that  stimulation  of  the  lesser  curvature  near  the  cardia  in  a 
rabbit  was  followed  by  the  contraction  of  the  muscle  at  this  point.  This 
contraction  passed  down  along  the  lesser  curvature  t(»  the  angle  and 
then  there  followed  a  peristaltic  wa\e  which  coursed  down  the  antrum 
to  the  plyorus. 

In  his  work  Alvarez  -  found  that  the  lesser  curvature  was  the  most 
rhythmic  and  the  most  irritable  portion  of  the  stomach,  with  the  excep- 
tion of  that  area  near  the  cardia  which  has  already  been  referred  to  as 
a  possible  gastric  pacemaker.^  This  rhythmicity  and  irritability  grew 
progressively  less  as  the  distance  from  the  cardia  increased.  I'rom  these 
and  other  facts  he  evolved  his  theory  of  the  gradients,  believing  that 


♦From  the  laboratories  of  tlic  DeparluKiit  of  Surgery,  Columbia  University 
College  of  Physicians  and  Surgeons.  Tiiis  work  is  a  continuation  of  Paper 
I  in  whicli  the  methods  used  were  fully  discussed,  and  in  wliich  the  origin 
and  character  of  gastric  peristalsis   were  considered. 
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once  tlie  coiuraciion  had  occurred  near  the  cardia,  it  passed  downward 
as  a  wave  from  the  area  of  greatest  rhythniicity  to  areas  of  progressively 
lesser. 

Excisions  of  portions  of  the  lesser  curvature  hy  the  surgeon  and 
destruction  of  areas  hy  such  patiiologic  jirocesses  as  ulcer  give  furthor 
evidence  as  to  the  importance  of  this  jiart  of  the  sloiuach  for  luirnial 
motility.  An  ulcer  on  the  lesser  curvature  is  notoriously  associated  with 
delayed  gastric  motility  and  with  vomiting.  And  certainly  this  is  not 
always  due,  as  Ilaudek  *  helieved,  to  pylorospasm.  For  roentgenograms 
often  show  the  pylorus  widely  jiatulous  and  with  a  harium  shadow  nearly 
as  broad  as  that  in  the  terminal  antrum.  Schlesingcr  °  recently  has 
described  five  such  cases.  In  these  the  emptying  time  ranged  from  ten 
hours  to  three  days  in  spite  of  the  open  pylorus.  I  have  recently 
observed  a  patient  with  an  ulcer  on  the  lesser  curvature  near  the  cardia 
in  which  there  was  a  delay  of  forty-eight  hours  in  cmj^tying  die  stomach, 
and  in  which  the  barium  shadow  in  the  pyloric  ring  was  always  1  cm. 
broad.  Nor  can  this  delay  be  ascribed  to  the  toxic  effects  of  the  ulcer 
alone.  One  of  the  operations  that  naturally  suggested  itself  to  the 
surgeon  in  the  treatment  of  these  ulcers  was  a  V-shaped  excision  of  that 
portion  of  the  lesser  curvature  containing  the  ulcer.  But  very  marked 
disturbances  in  motility  persisted  after  this  operation,  and  quite  often 
they  were  worse  than  they  previously  had  been.  A  gastro-enterostomy 
was  therefore  added  to  facilitate  the  emptying,  and  it  was  advised  to 
place  the  stoma  high  up,  if  possible  proximal  to  tiie  level  of  the  excision. 
But  many  surgeons  felt  that  even  here  the  functional  results  were  poor. 

In  contradistinction  to  these  findings  may  be  mentioned  those  of  large 
lesions  on  the  body  and  greater  curvature.  With  these  there  is  little  or  no 
disturbance  of  gastric  motility.  Huge  sarcomas  may  occur  f)n  the 
greater  curvature.  In  spite  of  their  size  they  arc  usually  associated  with 
very  little  delay  in  emptying. 

Some  further  very  interesting  evidence  is  given  by  the  experiments 
of  Kaplan.*^  He  was  studying  the  effects  of  some  .'•urgical  operations  on 
the  secretory  functions  of  the  stomach.  In  order  to  ])r(Kluce  an  hour- 
glass stomach,  he  made  an  incision  through  the  anterior  and  jjosterior 
walls  of  the  stomach  starting  on  the  greater  curvature  and  j)assing  across 
the  body  of  the  stomach  to  within  2  cm.  of  the  lesser  curvature.  The 
anterior  and  posterior  walls  of  the  stomach  were  then  sewed  Idgctlier 


■'-.  Haudek,  quoted  from  Schlesingcr,  E. :  Chroiiisclie  Gastroparcsc  als 
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on  each  side.  This,  of  course,  gave  him  an  hour-glass  stomach,  but  it 
was  one  of  an  entirely  dilTerent  character  from  those  occurring  in  man. 
For  here  the  initial  lesion  is  usually  on  or  near  the  lesser  curvature,  the 
latter  being  involved  in  the  pathologic  process.  In  Kaplan's  work  the 
lesser  curvature  was  left  intact,  but  there  was  a  complete  circular 
section  of  almost  the  rest  of  the  circumference  of  the  stomach.  For 
that  reason,  his  results  are  especially  significant.  We  have  already  seen 
that  with  lesions  of  the  lesser  curvature  there  is  a  delay  in  motility.  In 
Kaplan's  work,  on  the  other  hand,  there  was  no  delay  in  emptying,  much 
against  his  expectations.  And  in  one  dog  in  which  he  had  left  a  channel 
of  only  1  cm.  in  diameter  along  the  lesser  curvature,  there  was  likewise 
no  delay  in  the  emptying  of  fluids  or  solids  twelve  days  after  the 
operation. 

A  curious  phenomenon  often  occurs  witli  these  ulcers  on  the  lesser 
curvature.  There  is  a  persistent  spasm  of  the  circular  muscles  at  a  point 
opposite  the  lesion.  This  contraction,  which  is  in  reality  of  the  entire 
circular  segment  corresponding  to  the  affected  areas  on  the  lesser  curva- 
ture, has  not,  I  believe,  received  sufficient  attention.  It  will  again  be 
referred  to  later. 

What  is  the  cause  for  the  disturbance  in  motility  with  destructive 
lesions  of  the  lesser  curvature?  As  already  intimated,  pylorospasm  even 
though  it  may  be  proved  guilty  in  some  cases,  cannot  be  the  cause  in  all. 
For,  as  has  been  shown,  the  pylorus  is  often  abnormally  relaxed. 
Schlesinger  *  believes  that  the  ulcer  jiroduccs  a  reflex  gastroparcsis  that 
affects  both  the  pylorus  and  the  entire  stomach..  But  even  granting  that 
this  is  often  true  when  a  pathologic  condition,  such  as  an  ulcer,  causes 
the  lesion  on  the  lesser  curvature,  we  should  still  have  to  explain  the 
delay  when  a  portion  of  the  lesser  curvature  is  excised  by  the  surgeon, 
unless  we  wish  to  assume  that  the  resulting  scar  has  the  same  effect. 

The  work  of  Borchers  '  gives  some  idea  as  to  what  happens  to  the 
gastric  peristalsis  after  excision  of  the  lesser  curvature.  One  of  the 
operations  that  has  recently  been  attempted  to  effect  a  permanent  cure 
of  gastric  ulcers  is  a  resection  of  the  lesser  curvature,  or  "magenstrasse.*' 
After  this  operation  had  been  performed  in  the  cat,  a  study  of  the  gastric 
peristalsis  by  means  of  the  roentgen  ray  showed  that  the  gastric  peri- 
staltic waves  were  very  superficial.  No  waves  nearly  as  deep  as  the 
normal  were  seen.  In  a  man  who  had  undergone  this  procedure,  an 
examination  five  months  after  the  operation  showed  that  the  peristaltic 
waves  were  about  one-half  as  deep  as  usual,  and  after  four  hours  there 
was  still  a  small  barium  residue.     On  the  other  hand,  when  the  greater 


7.  Borchers:     Ueber  die  Rcscktion  dor  kleiiien  Kurvatur  und  deren  Folgen 

fiir  Magenform,  /\rcli.  f.  klin.  Ciiir.  122:198.  1922. 


curvature  was  excised  in  a  cat.  the  waves  after  operation  were  seen  to  be 
just  as  deep  as  before  and  appeared  to  be  normal.  Further,  Kaplan  ''  of 
the  St.  Petersburg  Clinic  found  that  after  resection  of  the  fundus  and  a 
large  part  of  the  greater  curvature  there  was  no  delay  in  the  emptying  oi 
fluids  or  solids  ;  on  the  contrary,  that  evacuation  seemed  to  be  more  rapid. 
It  would  seem  then  entirely  justifiable  to  say,  in  view  of  these  con- 
siderations, that  the  lesser  curvature  (and  for  present  considerations 
that  portion  from  the  cardia  to  the  angle  is  meant)  is  closely  related  to 
the  propagation  of  normal  gastric  peristalsis,  and  that  any  severe  lesion 
of  this  curvature  is  followed  by  a  disturbance  in  motility  which  is  due, 
in  n:irt  at  .thv  rate,  to  wt-akcning  of  the  peristaltic  wave. 

CIKCLLAK     .SI' ASM 

We  shall  next  consider  the  question  of  circular  spasm  referred  lu 
above.  It  is  well  known  that  an  ulcer  on  the  lesser  curvature  often 
causes  a  circular  spasm  of  the  entire  circular  segment  in  which  it  is 
located,  so  that  on  the  roentgenogram  there  is  an  indentation  opposite  the 
niche,  indicating  the  ulcer.  \\'est])hal  ""  was  able  to  produce  a 
similar  phenomenon  experimentally.  In  the  exposed  stomach,  of  the 
rabbit  he  irritated  the  mucous  membrane  of  difTerent  portions  of  the 
stomach  with  the  point  of  a  pin.  If  done  on  the  lesser  curvature  or  in 
the  antrum  this  caused  a  spasm  of  the  entire  circular  segment.  On  the 
other  hand,  if  he  irritated  the  mucosa  in  the  lateral  walls  or  fundus  of 
the  stomach  no  such  efl'ect  was  produced.  Occasionally  only  a  local 
contraction  occurred  about  the  point  of  the  needle.  (Of  course  one 
cannot  be  certain  with  this  technic  which  of  the  gastric  coats  were  stimu- 
lated, for  no  doubt  the  point  of  the  needle  often  penetrated  to  the  sub- 
mucosa  or  even  deeper.)     I  was  able  to  confirm  these  findings. 

Summarizing,  then,  we  may  say,  first,  that  the  lesser  curvature  is 
the  most  irritable  portion  of  the  stomach  and  that  it  is  the  part  most 
intimately  connected  with  the  orderly  progress  of  peristalsis  ;  and,  second, 
that  irritation  of  the  lesser  curvature  may  lead  to  a  circular  contraction 
of  the  entire  segment.  I  believe  these  facts  permit  the  adoption  of  the 
following  working  hypothesis.  The  impulse  of  the  gastric  peristaltic 
wave  starts  on  the  lesser  curvature  near  the  cardia.  (This  was  con- 
sidered in  Paper  I.^)  From  here  it  passes  down  through  what  is  appar- 
ently a  conduction  system  along  the  lesser  curvature."  As  the  impulse 
reaches  each  successive  portion  of  the  lesser  curvature  there  follows  a 
contraction  of  that  entire  circular  segment.     In  this  way  there  is  pro- 


8.  Westphal,    K. :      Untersuchungen    ziir    Frage    der    nervoscn    Enstchung 
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9.  The  nature  of  this  system  —  whether  it  be  muscular  or  nervous  —  is  left 
for  further  study. 


duced  a  progressive  peristaltic  wave  passing  from  above  downward. 
Under  normal  conditions  the  contraction  of  the  upper  circular  segments 
near  the  cardia  are  quite  weak  ;  they  grow  progressively  stronger  toward 
the  pylorus.  The  antrum  will  be  considered  separately  below,  as  here 
somewhat  different  conditions  obtain. 

This  working  hypothesis  permits  an  explanation  of  the  disturbances 
in  peristalsis  following  lesions  of  the  lesser  curvature.  The  effect  may 
vary  with  the  severity  of  the  lesion,  whether  it  be  comparatively  mild 
and  hence  irritative,  or  severe  and  destructive  and  hence  paralytic.  It 
emphasizes  the  conception  that  the  circular  muscles  of  the  stomach  are 
arranged  in  successive  segments,  not  necessarily  to  be  measured  in  centi- 
meters, but  that  each  portion  of  the  lesser  curvature  always  contracts 
with  the  same  part  of  the  greater  curvature  in  the  course  of  the  i)cri- 
staltic  wave.  With  a  marked  destruction  in  continuity  of  a  portion  of 
the  lesser  curvature,  as  by  a  Y  excision,  there  is  first  produced  a  break 
in  the  conduction  system.  This  ai)parently  causes  a  weakening  of  the 
peristalsis  distal  to  the  point  of  the  break  and  leads  to  delay  in  emptying. 
(Experiments  bearing  further  on  this  point  will  be  detailed  below.) 
Second,  the  circular  segments  from  which  the  lesser  curvature  has  been 
excised  are  left  without  their  most  irritable  portions,  those  that  normrilly 
initiate  the  contractions.  These  "headless"  segments  then  offer  a  further 
barrier  to  orderly  peristalsis.  For  the  stimulus  to  contract  can  reach 
them  now  only  from  the  adjacent  muscular  segments.  And  though  it 
may  be  possible  that  after  a  time  some  accommodation  results,  the 
normal  progress  of  normal  peristalsis  can  never  again  be  attained.'" 
Empirical  recognition  of  these  facts  has  led  the  surgeon  after  many 
dismal  experience  to  place  a  gastro-enterostomy  stoma  proximal  to  the 
level  of  excision. 

CONTROL     OF     Tilt:     ANTRUM 

We  shall  next  consider  the  question  of  the  control  of  the  antrum.  It 
seems  likely  that  on  the  lesser  curvature  at  the  commencement  of  the 
antrum,  that  is,  the  reentrant  angle,  a  separate  nodal  center  exists,  and 
that  in  it  is  initiated  the  beginning  of  antral  contraction.  There  is  no 
direct  evidence  to  prove  this.  No  distinct  mass  of  nodal  tissue  has  been 
described  at  this  point.  Nevertheless,  some  indirect  proof  is  in  favor 
of  this  conception  and  it  explains  well  the  phenomena  of  antral  con- 
traction. 


10.  Of  course  I  am  aware  that  other  factors  aid  in  emptying,  especially 
in  the  body  and  in  the  fundus.  Thus  tonus  waves  of  these  parts  couhl  deliver 
material  to  the  antrum,  and  in  the  "cow-horn"  type  of  stomach  tonus  waves 
might  be  quite  effectual  agents  of  emptying.  This  question  will  be  more 
fully  considered  at  a  later  date. 


It  will  be  remembered  tliat  tbe  stomach  is  divided  into  two  distinct 
parts.  On  the  one  hand,  we  have  the  body  and  fundus.  These  act  as 
a  reservoir  and  permit  the  digestive  ferments  to  act  on  the  food  which 
they  hold.  On  the  other  hand,  we  have  the  antrum  whose  main  function 
is  motor.  In  a  way  these  divisions  are  somewhat  similar  to  the  division 
of  the  heart  into  auricle  and  ventricle.  And  while  the  analogy  does 
not  hold  altogether,  we  are  nevertheless  justified  in  inquiring  whether, 
similar  to  the  ventricle,  the  antrum  of  the  stomach  does  not  possess  its 
own  center  for  the  initiation  of  its  contractions.  A.  A.  Berg  '^  has  long 
felt  from  clinical  observations  that  this  is  true. 

In  the  first  place,  the  antrum  exhibits  a  ilistinct  tendency  to  imlc- 
pcndent  activity.  In  the  observation  of  the  gastric  peristalsis  in  dogs  by 
the  method  previously  detailed,''  it  was  not  uncommon  to  see  this.  Thus 
at  times  with  no  waves  at  all  evident  in  the  body,  waves  would  start  at 
the  angle  and  pass  down  to  the  pylorus.  And  often  this  would  l)c 
repeated  several  times.  Both  1  loffmcister  and  Schiitz  ^-  and  also 
W'heelon  and  Thomas  '^  observed  the  same  thing,  and  on  one  occasion 
I  saw  the  following  interesting  picture :  An  independent  antral  contrac- 
tion of  the  systolic  type  ^  had  occurred.  Meanwhile,  a  peristaltic  wave 
was  progressing  down  the  body  of  the  stomach.  It  reached  the  begin- 
ning of  the  antrum  just  as  the  latter  was  nearly  but  not  completely 
relaxed.  Xo  antral  contraction  followed  this  wave.  The  next  wave 
coming  down  from  the  body  was  followed  by  an  antral  contraction.  It 
seemed  that  a  phenomenon  had  occurred  here  parallel  to  that  which 
takes  place  in  the  heart  when  the  impulse  from  the  auricle  reaches  the 
ventricle  while  the  latter  is  in  a  refractory  state  due  to  an  extra  con- 
traction. 

Resection  of  a  triangular  area  of  the  lesser  curvature  at  the  site  of 
the  reentrant  angle  was  performed  in  two  dogs.  The  opening  on  the 
lesser  curvature  was  sewed  up  in  a  line  parallel  with  the  long  axis  of 
the  stomach.  One  dog's  stomach  was  observed  by  the  mctliod  previously 
described'  one  month  after  the  operation,  and  the  other  six  months 
later.    The  descriptions  follow : 

PROTOCOLS 

Experiment  1. — In  Dog.  1,  a  triangular  excision  of  the  lesser  curvature  at 
the  level  of  the  incisura  was  made,  Sept.  29,  1920.  The  wound  was  sewed 
up  longitudinally.  Division  of  both  vagi  at  the  level  of  the  diaphragm  was 
made.     October  22,  the  dog  was   fed  250  c.c.  of  milk   with   50  gm.  of  bread. 


11.  Berg,  A.  A.:     Personal  communication  to  the  author. 

12.  HoflFmcister  and  Schtitz :  Uebcr  die  automatischcn  Bcwckungcn  dcs 
Magens,  Arch.  f.  expcr.  Path.  u.  Pharmakol.  20:1,  1885. 

13.  Wheelon,  H.,  and  Thomas,  J.  E. :  OI)servations  on  the  Motility  of  the 
Antrum  and  the  Relation  of  the  Pyloric  Sphincter  to  that  of  the  Antrum, 
J.  Lab.  &  Clin.  Med.  6:124    (Dec.)    1920. 


Fifteen  minutes  later,  anesthesia  was  started.  A  transverse  upper  abdominal 
incision  was  made  and  the  stomach  exposed.  The  scar  of  the  wound  in  the 
stomach  with  a  few  thin  adhesions  to  it  was  observed,  and  a  slight  but  definite 
nidentation  of  the  greater  curvature  and  the  anterior  wall  of  the  stomach 
(posterior  not  visible)  running  to  the  scar  of  the  excision.  The  waves  came 
down  the  body,  starting  at  the  level  of  the  cardia.  These  were  much  deeper 
than  the  normal  in  the  preantral  region.  The  deepest  contraction  was  at  the 
site  of  this  indentation.  There  appeared  to  be  a  pause  for  a  fraction  of  a 
second,  and  then  a  peristaltic  wave  passed  down  the  antrum,  at  times  progress- 
ing all  the  way  to  the  pylorus  and  at  other  times  not.  But  all  the  antral 
waves  were  very  shallow.  No  systolic  contractions  of  the  antrum  were  seen. 
Experiment  2. — In  Dog  2,  a  triangular  excision  of  the  le&ser  curvature  at  the 
level  of  the  antrum  was  made,  Dec.  1,  1920.  The  wound  was  sewed  up  parallel 
to  the  long  axis  of  the  stomach.  The  right  vagus  nerve  was  sectioned  at 
the  level  of  the  diaphragm.  June  2,  1921,  the  dog  was  given  500  c.c.  of  broth 
containing  meat  and  small  bones,  and  anesthesia  was  started  thirty  minutes 
later.  A  transverse  upper  abdominal  incision  was  made.  Waves  started 
around  the  entire  circumference  of  the  stomach  at  the  level  of  the  cardia,  and 
travelled  downward  growing  deeper  toward  the  angle.  Just  beyond  the  scar 
they  became  markedly  shallower  and  often  seemed  to  disappear  before  reaching 
the  pylorus.  At  one  time  a  few  minutes  after  the  observations  were  started, 
some  systolic  contractions  of  the  antrum  were  seen.  Palpation  of  the  antrum 
showed  the  presence  in  it  of  some  small  bones.  During  the  rest  of  the 
observation,  only  the  weak  peristaltic  waves  noted   above  were  seen. 

These  observations  then  showed  that  after  excision  of  the  angle  there 
was  no  impairment  of  the  peristalsis  proximal  to  this  level;  i.ii  the 
contrary,  that  the  strength  of  the  waves  seemed  somewhat  increased  in 
intensity.  But  there  was  a  defmite  diminution  in  the  intensity  of  tlie 
waves  in  the  antrimn,  and,  as  this  occurred  in  the  motor  portion  of  the 
stomach,  it  certainly  must  have  interfered  with  niutility.  These  experi- 
ments do  not  necessarily  i)rove  the  presence  of  a  nodal  center  in  the 
angle.  But  they  do  show  that  this  portion  of  the  stomach  is  strt'ni,dv 
bound  up  with  the  propagation  of  normal*  peristalsis  in  the  antrum. 

If  now  an  entire  circular  segment  is  resected  from  the  stomach,  a 
so-called  "sleeve  resection,"  then  a  remarkable  i)heniimenon  results.  The 
resultant  scar  at  the  siitine  line,  of  course,  causes  a  complete  break  in 
the  continuity  of  the  intrinsic  nerves  and  of  all  the  muscles.  Under 
these  circumstances,  the  waves  proximal  to  the  siUiu'c  line  and  tlistal  to 
this  line  now  occur  independently  of  each  other.  Thus  the  body  "beats" 
separately  and  the  antrinn  "beats"  separately.  And  if  one  may  carrv 
the  analogy  further,  the  antrum  has  established  its  idio-antral  rhvthm. 
Alvarez  -  showed  that  the  rhythm  of  the  antral  mu.sculature  was  much 
.slower  than  that  of  the  body.  It  is  natmal  then  to  Jlnd  that  the  rhythm 
of  the  peristalsis  in  the  antrum  under  the  foregoing  conditions  is  slower 
than  the  normal  peristaltic  rate,  since  the  latter  is  determined  by  the 
more  highlv  rlnlhmic  center  at  the  cardia. 


x.v  ;ci.cis  '*  Studied  the  stomach  of  a  cat  though  a  glass  window  that 
lie  had  inserted  in  tlie  ahdominal  wall  after  performing  a  sleeve  resection. 
From  his  diagram  it  would  seem  that  the  resection  was  just  above  the 
reentrant  angle.  He  found  that  the  waves  proximal  to  the  suture  line 
passetl  down  to  it  at  the  rate  of  four  per  minute.  This  is  the  normal 
rate.  Independent  waves,  on  the  other  hand,  starting  at  the  suture  line 
ran  down  to  the  pylorus  at  the  rate  of  two  or  three  per  minute. 

I  studied  two  dogs  following  a  sleeve  resection,  one  by  the  method 
previously  described,^  and  the  other  by  roentgen  ray.  In  both  the  waves 
distal  to  the  suture  line  occurred  independently  of  those  that  were 
pro.ximal. 

SUMM.\RY 

The  following  hypothesis  would  then  seem  justified.  The  gastric 
wave  starts  at  a  nodal  center  on  the  lesser  curvature  near  the  cardia.  The 
impulse  passes  down  along  the  lesser  curvature.  As  it  reaches  each  point 
on  the  lesser  curvature,  the  entire  circular  ring  at  that  level  contracts 
and  so  the  peristaltic  wave  passes  down.  At  the  reentrant  angle  there  is 
a  nodal  center  for  the  muscular  activity  of  the  antrum.  Irritating  lesions 
f»n  the  lesser  curvature  may  cause  a  persistent  contraction  of  the  circular 
muscle  at  the  level  of  irritation.  Excision  or  destruction  of  a  portion 
of  the  lesser  curvature  disturbs  the  orderly  conduction  and  weakened 
peristalsis  results  beyond  that  level ;  the  impulse  reaches  the  muscle  distal 
to  the  lesion  by  passing  down  along  the  lateral  and  greater  curvatures.  A 
segmental  or  sleeve  resection  is  followed  by  a  complete  block  in  con- 
duction, and  the  establishment  of  an  independent  rhythm  beyond  the 
level  of  the  suture  line. 


14.  Borchers:  Anteil  des  Nervus  Vagi  an  dcr  motorischen  Innervation 
des  Magens  im  Hinblick  auf  die  operative  Tlierapie  von  Magenkrankhciten ; 
Studien  zur  Physiologic  und  Pathologic  dcr  Magcn  Chirurgie,  Beitr.  z.  kiln. 
Chir.  122:547.   1921. 
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I.     RELATION     OF    ANTRAL    CONTRACTION     TO    THE 
PYLORIC    MECHANISM 

Cannon's^  theory  of  the  acid  .control  of  the  pylorus  has  Umg  been 
accepted  by  numerous  physiologists.  Briefly  stated — it  will  be  referred 
to  again  later — he  holds  that  the  pylorus  is  closed  during  digestion,  that 
an  acidity  of  0.2  per  cent,  on  the  gastric  side  brings  about  its  opening, 
and  that  the  presence  of  acid  in  the  duodenum  effects  its  closure.  The 
antral  waves  sweep  on  repeatedly  to  the  pylorus,  but  this  gateway 
remains  closed  until  the  continued  secretion  of  hydrochloric  acid  brings. 
up  the  concentration  of  the  acidity  to  the  level  indic.ited  above.  The 
pylorus  then  opens  and  the  next  advancing  wave  forces  the  antral  con- 
tents into  the  duodenum. 

But  after  studying  numerous  dogs  -'  by  the  nicthud  previuusly 
described,  it  seemed  that  this  theory  could  not  e.xjjjain  some  of  the 
observations  that  were  made.  For  it  became  more  and  more  obvious 
that  every  wave  that  progressed  to  the  pylorus  forced  gastric  chyme 
into  the  duodenum.    Take  for  instance  the  following  experiment. 

PROCTOCOL 

Experiment  1. — Dog  1  was  fed  375  c.c.  of  soup  containing  meat  and  bones 
at  1 :  30  p.  m.,  April  20,  1922.  The  abdomen  was  opened  by  a  transverse  incision 
under  light  ether  anesthesia  at  2:10  p.  m.  Retrograde  peristalsis  in  the 
antrum  was  immediatelj'  noticed.  This  persisted  for  five  minutes.  Palpation 
revealed  a  bone  in  the  antrum.  This  was  pushed  by  hand  into  the  body,  .^ftcr 
a  few  minutes  waves  began  coming  down  from  the  body,  starting  opposite 
the  cardia.  The  rate  was  four  per  minute.  When  the  waves  reached  the 
angle  there  was  a  deep  constriction  almost  cutting  the  stomach  into  two  parts. 
There  followed  a  systolic  contraction  of  the  entire  antrum,  involving  botli 
circular  and  longitudinal  muscles;  I)Ut  the  contraction  of  the  proximal  part 
of  the  antrum  seemed  to  be  a  little  ahead  of  the  distal.     As  the  antrum  con- 


*  From  the  laboratories  of  the  Department  of  Surgery  of  the  Columbia 
University  College  of  Physicians  and  Surgeons.  The  methods  used  in  these 
studies  have  been   fully  discussed   in   the   first  paper  of  this  series. 

1.  Cannon,  W.  B. :  Tlie  Mechanical  Factors  of  Digestion,  New  York. 
1911,  p.  101. 

2.  Klein,  Eugene:  Gastric  Motility,  I.  Tiie  Origin  and  Character  of  Gastric 
Peristalsis.  Arch.  Surg.  12:.=^71   (Feb.)    1926. 


iractcd,  fluid  and  air  could  be  heard  and  felt  being  squeezed  into  the  duodenum. 
Ever>-  contraction  of  the  antrum  was  accompanied  by  a  gurgle.  Occasionally 
a  contraction  started  at  the  angle  and  was  followed  by  a  contraction  of  the 
whole  antrum.  At  other  times  a  wave  coming  down  frorn  the  body  stopped 
at  the  angle  and  was  not  followed  by  any  contraction  beyond.  But  the  typical 
sequence  was  as  above. 

Again  and  again  it  was  evident  fiuni  watching  all  the  dogs  that  every 
wave  that  progressed  to  the  pylorus  forced  contents  of  the  antrum  into 
the  duodenum.^ 

In  1913,  Cole  ^  reported  at  the  meeting  of  the  American  Medical 
Association  that  from  a  large  number  of  serial  roentgen-ray  studies  in 
man  he  was  forced  to  the  conclusion  that  each  advancing  peristaltic  wave 
prc>pels  chyme  into  the  duodenal  cap,  and  that  "there  is  no  roent- 
genological evidence  in  man  of  a  periodical  opening  and  closing  of  the 
pyloric  valve  independently  of  each  gastric  cycle,  as  described  by 
Cannon."  Cannon's  work  was  done  with  cats.  Cole's  work  was  con- 
firmed bv  McClure,  Reynolds  and  Schwartz,^  who  also  observed  the 
stomachs  of  normal  men  through  the  fluoroscope.  They  felt,  as  he  did, 
that  the  pylorus  opened  as  each  and  every  wave  reached  the  sphincter  to 
permit  the  passage  of  chyme  into  the  intestine.  And  this  was.  true  no 
matter  w-hether  fats,  carbohydrates  or  proteins  were  used  in  their  tests. 
Reynolds,  Lawrence  and  McClure  '^  later  again  confirmed  this  work. 

In  addition  to  these  facts  elicited  by  the  roentgen  ray,  there  is  very 
^ood  experimental  evidence  pointing  in  the  same  direction.  Kirchner 
and  Mangold  "  introduced  a  balloon  into  the  antrum  of  the  stomach 
through  either  a  gastric  or  a  duodenal  fistula  and  then  recorded  the  con- 
tractions on  a  smoked  drum.  They  then  fed  the  animals  and  again 
recorded  the  rhythm  of  the  gushes  from  the  duodenal  fistula.  As  both 
these  rhythms  were  the  same,  they  concluded  that  every  antral  contrac- 
tion was  followed  by  the  propulsion  of  fluid  through  the  pylorus. 


3.  Contraction  of  the  antrum  as  a  whole  is  described  here,  but  the  same 
phenomenon  was  found  with  the  progressive  peristaltic  wave  (character  of 
gastric  peristalsis'). 

4.  Cole,  L.  G. :  The  Physiology  of  the  Pylorus,  Pilleus  Ventriculi,  and 
Duodenum  as  Observed  Roentgcnographically,  J.  A.  M.  A.  61:762  (Sept.  6)  1913. 
Motor  Phenomena  of  the  Stomach,  Pylorus  and  Cap  Observed  Rocntgcnograph- 
;^;:nv    Am.  T.  Physiol.  42:618,  1916-1917. 

McClure  C.  W. ;  Reynolds,  L.,  and  Schwartz,  C.  O. :  On  the  Behavior 
Pyloric  Sphincter  in  Normal  Man,  Arch.  Int.  Med.  26:410  (Oct.)  1920. 
Reynolds,   L.,  and   McClure,   C.  W. :     Motor   Phenomena   Occurring   in 

Normal  Stomach,  in  the  Presence  of  Peptic  Ulcer  and  Its  Pain,  as  Observed 

Fluoroscopically,  Arch.  Int.  Med.  29:1   (Jan.)   1922. 

7.  Kirschner  and  Mangold  :     Die  motorische  Funktion  dcs  Sphincter  Pylori 

und  des  .Antrum  Pylori  beim  Hunde  nach  qucrer  Durchtrennung  des  Magens, 

Mitt.  a.  d.  Grenzgeb.  d.  Med.  u.  Chir.  23:446,   1911. 


Luckhardt,  Phillips  and  Carlson/  using  a  somewhat  similar  technic, 
recorded  simultaneously  the  issuing  of  drops  from  the  duodenal  tistula 
and  the  contractions  of  a  balloon  in  the  stomach.  The  fluid  was  intro- 
duced into  the  stomach  through  a  gastric  fistula.  Their  tracings  show 
that  every  peristaltic  wave  was  accompanied  by  a  discharge  oi  fluid 
through  the  duodenal  fistula. 

And  recently  Wheelon  and  Thomas  °  have  advanced  still  more  direct 
evidence.  Through  an  incision  in  the  fundus  of  the  stomach,  they 
inserted  an  apparatus  containing  a  separate  balloon  for  the  pylorus  and 
for  the  antrum,  and  then  recorded  the  contractions  of  these  parts  on  a 
smoked  drum.  They  found  that  the  antral  contraction  always  occurred 
during  a  stage  of  pyloric  relaxation.  Further,  when  the  pylorus  had 
reached  its  height  of  contraction,  the  antrum  in  turn  had  returned  to  a 
state  of  relaxation.  They  conclude  that  the  activities  of  the  pyloric 
sphincter  are  in  great  part  dependent  on  the  activities  of  the  antrum,  and 
that  during  the  digestive  processes  the  impulse  to  contract  in  the  antrum 
is  propagated  into  the  sphincter.  They  also  state  that  if  acid  acts  to 
regulate  the  pylorus,  it  must  also  act  in  a  similar  way  on  the  antrum  and 
stomach,  for  the  motility  of  the  antrum  determines  the  motility  of  the 
pylorus. 

It  therefore  seems  justifiable  to  conclude  from  roentgen-ray  evidence 
in  animals  and  in  man,  and  from  experimental  evidence  in  animals  that 
the  pylorus  is  normally  open  at  the  height  of  antral  contraction,  and  that 
every  antral  contraction  is  normally  followed  by  the  discharge  of  chyme 
through  the  pylorus.  Of  course,  this  is  at  marked  variance  with  the 
conclusions  of  Cannon  from  his  studies  with,  cats. 

II.     MECH.^XISM     OF    THE     PYLORUS 

Krehl,^°  in  his  admirable  book  on  pathologic  physiology,  states  that 
the  function  of  the  stomach  is  to  prepare  food  properly  for  the  intestine 
where  the  chief  phenomena  of  digestion  take  place.  Three  of  the  more 
important  processes  in  that  preparation  are:  to  fluidify  the  food,  to 
bring  it  to  the  proper  reaction,  and  to  approximate  its  temperature  to 
that  of  the  body.  In  other  words,  the  stomach  efTects  on  its  contents  if 
necessary  a  mechanical,  a  chemical  and  a  thermal  change. 

The  pylorus  is  the  gateway  at  the  threshold  of  the  intestine.  Con- 
cerning its  mechanism  of  action   there  are  several   theories.     .Ml   are 


S.  Luckhardt,  A.  B.;  Phillips,  H.  T..  and  Carlson,  A.  J.:  Contributions 
to  the  Physiology  of  the  Stomach ;  the  Control  of  the  Pylorus.  Am.  J.  Physiol. 
50:57   (Oct.)    1919. 

9.  Wheelon,  H.,  and  Thomas,  J.  E. :  Observations  on  the  ^fotility  of  the 
Antrum  and  the  Relation  of  the  Pyloric  Sphincter  to  that  of  the  .\ntrum, 
J.  Lab.  &  Clin.  Med.  6:124    (Dec.)    1920. 

10.  Krehl,   L. :     Pathologische   Physiologic,   Ed.    11.   Leipzig.    1921. 


agreed,  however,  that  following  the  entrance  of  food  into  the  stomach 
and  during  the  progress  of  digestion,  it  is  closed,  and  that  it  opens  from 
time  to  time  to  permit  the  onward  passage  of  the  gastric  chyme  into  the 
duodenum.  If  that  is  so.  it  is  necessary  to  assume  that  some  stimuli  act 
at  intervals  to  open  it.  With  normal  food,  these  stimuli  must  be  either 
{a)  chemical.  (^)  mechanical  or  (c)  thermal.  We  shall  discuss  these 
stimuli  in  this  (irder. 

A.     L'li-Mi''-^     OF     CHEMICAL     CONTROL     OF     THE     PYLORUS 

Effect  of  Physiologic  Dilutions  of  Acids  in  the  Stomach  on  the 
Pylorus. — Among  the  chief  theories  of  control  of  the  pylorus  is  one 
advanced  by  Cannon.^    As  quoted  from  his  book  it  is  as  follows : 

The  pylorus  is  tonically  closed  when  food  is  ingested,  and  remains  closed 
against  recurring  pressure.  The  appearance  of  acid  at  the  pylorus  causes 
the  sphincter  to  relax.  The  pressing  peristaltic  waves  now  force  some  of  the 
acid  chyme  into  the  duodenum.  The  acid  in  the  duodenum  at  once  tightens 
the  sphincter  against  further  exit.  The  same  acid  also  stimulates  the  flow  of 
alkaline  pancreatic  juice.  Since  no  inorganic  acid  is  normally  present  beyond 
the  first  centimeters  of  the  small  intestine,  and  since  the  acid  reaction  of  the 
contents  in  this  uppermost  region  is  replaced  throughout  the  rest  of  the  small 
intestine  by  practically  a  neutral  reaction,  the  acid  chyme  must  be  neutralized 
soon  after  its  emergence  from  the  stomach.  As  neutralization  proceeds,  the 
stimulus  closing  the  pylorus  is  weakened ;  now  the  acid  in  the  stomach  is 
able  again  to  relax  the  sphincter.  Again  the  acid  goes  forth,  and  immediately 
closes  the  passage  behind  until  the  duodenal  processes  have  undergone  their 
slower  change.     And  thus  repeatedly  until  the  stomach  is  empty. 

The  essence  of  Cannon's  theory  is,  first,  that  the  discharge  of  food- 
stuffs is  "occasional,"  and.  second,  that  this  irregularity  is  determined 
by  the  time  necessary  for  the  acid  to  reach  the  proper  reaction  on  the 
gastric  side  to  open  the  pylorus,  and  then  by  the  time  necessary  to 
neutralize  the  acid  when  it  has  reached  the  duodenum. 

But  there  is  now  a  large  amount  of  evidence  pointing  strongly  to 
the  conclusion  that  the  usual  cheiriical  reactions  in  the  .stomach  do  not 
control  the  pylorus  in  the  manner  that  Cannon  believed.  This  evidence 
may  be  divided  into  t' '■'•'^-  •/•"ups,  (a)  roentgenologic,  (b)  clinical  and 
(c)  experimental. 

(a)  In  the  previous  section  it  was  shown  that  Cole  has  demonstrated 
with  the  aid  of  the  roentgen  ray  that  following  the  approach  of  each 
antral  wave  to  the  pylorus  chyme  was  forced  through  that  sphincter. 
McClure,  Reynolds  and  Schwartz  °  found  the  .same  thing  with  their 
fluoroscopic  studies,  and  the  experiments  of  Luckhardt,  Phillips  and 
Carlson  ®  also  confirm  these  findings.  This  evidence  obtained  by  means 
of  the  roentgen  ray  was  shown  in  the  previous  section  to  be  confirmed 
by  other  methods  of  experimentation.  It  is,  of  course,  directly  opposed 
to  Cannon's  findings  of  irregularity  in  the  intervals  of  discharge. 


(b)  The  clinical  evidence  against  the  theory  is  found  in  the  condition 
of  achylia  gastrica.  Here  although  there  is  an  absence  of  acid,  the  food. 
whether  it  be  neutral,  alkaline  or  acid,  passes  on  into  the  duodenum. 
Cannon  "  answered  this  by  saying  that  it  was  possible  for  the  organism 
to  adapt  itself  to  abnormal  conditions.  But  that  explanation  is  perhaps 
not  applicable  here,  for,  as  will  be  later  shown,  food  not  only  leaves  the 
abnormal  stomach  under  these  conditions  but  may  also  leave  the  normal 
stomach  in  a  neutral  or  alkaline  state.  And  it  may  do  that  without  any 
previous  preparation  whatever,  as,  for  instance,  the  first  time  an  alkaline 
meal  is  administered.    This  will  be  discussed  in  detail  later. 

(c)  The  experimental  evidence  against  the  theory  is  as  follows:  It 
has  long  been  known  that  water  and  egg  white  may  leave  the  stomach 
in  a  neutral  condition.  That  was  determined  by  studies  on  dogs  with 
duodenal  fistulas.  Among  many  others  who  worked  on  this  problem 
may  be  mentioned  Hirsch.^-  von  Mering,^^  Moritz,^*  London  and 
Sulima,^^  and  Ivy.^°  They  are  agreed  that  water  given  by  mouth 
emerged  almost  at  once  from  the  duodenal  fistula.  Obviously  if, an 
acidity  of  0.2  per  cent,  hydrochloric  acid  was  necessary  to  open  a  closed 
pylorus,  this  rapid  emptying  could  not  occur. 

Cannon  ^'  concedes  these  facts  concerning  water  and  egg  white.  He 
cannot,  however,  make  them  coincide  with  his  theory  and  assumes  that 
the  presence  of  these  substances  is  accompanied  by  a  low  pyloric  tonus 
that  permits  of  their  rapid  discharge.  Fats,  too,  do  not  excite  gastric 
secretion,  yet  they  leave  the  stomach. 

If  the  pylorus  opens  only  when  the  acidity  reaches  a  certain  level,  we 
would  expect  that  if  we  were  to  dilute  the  gastric  ctmtents  with  a  neutral 
fluid  and  thus  markedly  depress  the  acidity,  the  emptying  would  be 
delayed  until  the  continued  secretion  of  hydrochloric  acid  had  once  more 
brought  the  reaction  up  to  the  proper  level.  But  that  does  not  occur.  If 
fluid  is  given  to  an  animal  at  the  height  of  a  meal,  the  fluid  very  rapidly 
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rims  out  of  the  stomach,  ihus  Moritz  "  alter  feeding  sausage  to  a  dog 
with  a  duotlenal  fistula,  found  that  only  IS  c.c.  of  fluid  was  recovered 
from  the  tistula  over  a  period  of  one  and  one-half  hours.  If  20  c.c.  of 
«-ater  was  then  given,  there  was  very  soon  a  gush  of  clear  tluid  from  the 
fistula ;  this  was  repieated  at  intervals.  To  say  that  the  water  passes  out 
through  a  channel  along  the  lesser  curvature  does  not  minimize  the  force 
of  this  arginnent.  for  it  must  pass  through  the  antrum,  and  can  there 
effect  a  dilution  of  the  acidit\ . 

That  alkaline  Huid  may  leave  the  normal  stomach  of  man  is  shown 
in  the  work  of  Spencer,  Meyer.  Rehfuss  and  Hawk.^*  When  the  Reh- 
fuss  tube  had  been  passed,  they  gave  their  patient  100  c.c.  of  a  5  per 
cent,  sodium  bicarbonate  solution.  Aspiration  of  a  small  quantity  for 
titration  every  iwenty  minutes  showed  that  the  stomach  had  emptied 
itself  although  the  reaction  had  never  become  acid. 

Then  there  is  the  work  of  McClure,  Reynolds  and  Schwartz.^  They 
kept  the  reaction  in  the  hrst  portion  of  the  duodenum  acid  by  the  injec- 
tion of  hydrochloric  acid. through  a  duodenal  tube.  Nevertheless,  under 
the  roentgen  ray  they  could  see  that  each  wave  in  the  stomach  forced 
barium  over  into  the  duodenum,  in  spite  of  the  acid  there,  and  when 
according  to  Cannon's  theory  the  pylorus  should  have  been  tightly  closed. 

There  is  then  no  doubt  that  food  may  leave  the  stomach  although  no 
free  acid  is  present  in  that  organ,  and  this  fact  is  true  in  both  the 
healthy  and  the  pathologic  stomach.  As  will  be  remembered,  we  have 
assumed  that  following  the  entrance  of  food  into  the  stomach  the  pylorus 
closes  or,  in  the  words  of  Cannon,  "the  pylorus  is  tonically  closed  when 
food  is  indigested."  If  the  pylorus  is  closed,  and  yet,  in  the  absence  of 
free  acid,  food  leaves  the  stomach,  tiien  some  other  factor  must  have 
caused  it  to  open.    What  that  factor  may  be  will  be  discussed  later. 

Effects  of  Abnormal  Dilutions  of  Acids  on  the  Pylorus  and  on  Gastric 
Peristalsis. — Having  discussed  the  effects  of  normal  concentrations 
of  free  acid  on  the  pylorus.  I  shall  now  consider  the  results  produced  by 
the  higher  dilutions  and  incidentally  their  effect  on  gastric  motility.  It 
has  long  been  known  that  acids  delay  gastric  emptying.  Hirsch,  in 
1893,  found  in  his  experiments  with  dogs  possessing  a  duodenal  fistula 
that  if  distilled  water  was  given  by  juouth  the  stomach  began  to  empty 
itself  almost  immediately  through  the  fistula  and  that  from  300  to  400  c.c. 
was  discharged  in  from  ten  to  twenty  minutes.  Weak  alkaline  solu- 
tions left  just  as  rapidly.  On  the  other  hand,  if  the  same  quantity  of 
from  0.1  to  0.2  per  cent,  hydrochloric  acid  was  used,  some  of  the  solu- 
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tion  was  still  present  in  the  stomach  at  the  end  of  one  hour.  If  the  con- 
centration was  increased  to  from  0.3  to  0.5  per  cent.,  then  from  one- 
half  to  two-thirds  was  still  retained  after  the  same  interval.  If  1  per 
cent,  hydrochloric  acid  was  used,  for  from  live  to  ten  minutes  very  small 
quantities  entered  the  duodenum ;  then  expulsion  stopped  and  profuse 
vomiting  followed.  Ortner's  ^^  results  with  the  same  method  were  very 
similar,  and  Alorse,-**  using  a  somewhat  dilYerent  technic,  also  found 
that  the  rate  of  the  emptying  time  diminished  as  the  acid  concentrations 
were  increased.  These  results  are  in  accordance  with  those  of  other 
writers,  and  it  seems  fairly  well  established  that  the  higher  concentra- 
tions of  hydrochloric  acid  delay  gastric  emptying. 

What  causes  this  delay?  In  his  book  Cannon  ''  called  attention  to  the 
fact  that  two  possible  factors  may  be  responsible  for  the  discharge  of 
gastric  contents :  one  is  the  recurring  peristaltic  wave,  and  the  other  the 
patency  of  the  pylorus.  He  justly  criticized  the  older  workers  for  not 
distinguishing  between  these.  In  tiieir  experiments  with  duodenal  fistulas, 
if  chyme  ceased  spurting  from  the  fistula  following  exi)erimental  inter- 
ference, they  concluded  that  the  ces.sation  of  flow  was  due  to  closure 
of  the  pylorus.  Yet  absence  of  peristalsis  could  have  produced  the  same 
result  even  with  an  open  pylorus.  But  when  working  with  the  duodenal 
fistulas  alone,  one  cannot  say  which  of  these  two  causes  is  responsible 
for  the  retention  of  the  gastric  contents.  Cannon,  of  course,  believed 
that  the  acid  in  the  duodenum  effected  a  closure  of  the  pylorus  until  it 
was  neutralized  by  the  intestinal  contents.  Whet'.ier  this  is  so  will  be 
fully  discussed  later.  But  does  the  acid  produce  any  effect  on  the  second 
factor?  Does  it  cause  any  delay  in  peristalsis?  Xot  many  observations 
are  available  to  answer  this  question.  Yet  those  we  have  seem  quite 
significant. 

Among  them  are  those  of  Schicker.'--'  who.  after  ascertaining  in 
fifty-two  normal  subjects  that  the  average  length  <if  time  for  a  wave  to 
travel  across  the  stomach  is  20.4  seconds,  found  that  in  hyperacidity  the 
interval  is  22.5  seconds  and  in  hyix)-acidity  or  achylia  18.5  seconds.  In 
other  words,  with  hyperacidity  there  is  a  slowing  of  the  gastric  rate.  .A 
similar  finding  was  observed  by  McClure.  Reynolds  and  Schwartz  '  in 
their  work  with  a  duodenal  tube.  W'ith  the  end  of  the  tube  at  the  antral 
side  of  the  pyloric  sphincter,  they  introduced  20  c.c.  of  1  per  cent, 
sodium   bicarbonate   solution   through    it.      .Xn   acceleration   of    gastric 
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peristalsis  followed  ininiediatcly.  that  is.  the  duration  oi  the  wave  was 
decrease<l  from  twenty-two  seconds  to  thirteen.  Neutrahzation  of  the 
acid  present  therefore  resulted  in  a  marked  increase  of  the  rate. 

Then  Carlson.-^  as  a  result  of  his  observations  on  a  man  with  a 
gastric  fistula,  reported  that  "the  rhythms  of  the  empty  stomach  make 
their  appearance  whether  the  stomach  mucosa  is  acid  or  alkaline  in  reac- 
tion, but  that  strong  acidity  or  alkalinity  caused  inhibition."  A  0.5  per 
cent,  solution  of  hydrochloric  acid  caused  greater  inhibition  than  a 
similar  concentration  of  sodium  bicarbonate.  There  is  a  slow  secretion 
of  gastric  juice  during  the  contractions,  but  a  rapid  secretion  of  gastric 
juice  is  accompanied  by  a  depression  of  the  contractions.  Further 
observations  •*  on  the  same  man  showed  that  all  acids  caused  inhibition 
of  the  movements  and  decrease  in  tonus  of  the  empty  stomach  when 
introduced  directly  into  the  gastric  cavity.  The  duration  of  this 
inhibition  was  projiortionate  to  the  concentration  and  to  the  total 
quantity  of  acid  introduced.  Two  hundred  cubic  centimeters  of  0.5  per 
cent,  hydrochloric  acid  solution  could  cause  complete  inhibition  of  the 
contractions  and  relaxation  of  the  tonus  for  from  forty  to  sixty  minutes, 
whereas  the  same  quantity  of  0.25  per  cent,  hydrochloric  acid  solution 
usually  inhibited  for  a  period  of  only  twenty-five  or  thirty  minutes. 
Weak  concentrations  of  acid  did  not  inhibit  the  contractions.  He 
repeated  these  experiments  with  normal  gastric  juice  obtained  from  the 
patient  himself.  "The  degree  of  inhibition  produced  .  .  .  was  the 
same  as  that  caused  by  an  equal  quantity  of  hydrochloric  acid  of  a  con- 
centration equal  to  the  free  acidity  of  the  gastric  juice.  It  would  thus 
seem  that  the  hydrochloric  acid  in  the  gastric  juice  constitutes  the 
stimulus  that  leads  to  the  inhibition."  Of  course,  one  must  remember 
that  the  high  concentrations  mentioned  above  are  not  those  which  nor- 
mally are  present  during  the  course  of  digestion.  And  so  one  of  his 
further  findings  does  not  seem  contradictory,  namely,  that  the  move- 
ments of  the  stomach  in  digestion  are  not  inhibited  by  the  acids  in  con- 
centrations equal  to  that  of  the  gastric  juice.  During  digestion  the  acid 
is  diluted  by  the  food  and  other  factors  which  shall  be  considered  later. 

But  long  before  any  of  the  foregoing  experiments  had  been  done, 
Ducceschi  -^  in  1897  obtained  similar  results.  He  worked  with  dogs  in 
which  he  had  produced  a  gastric  fistula.  He  inserted  a  balloon  through 
this  fistula  into  the  antrum  of  the  stomach.  He  then  injected  a  0.1  per 
cent,  solution  of  hydrochloric  acid  in  the  vicinity  of  the  balloon.  Marked 
slowing  of  the  rhythm  of  the  contractions  followed.     .Stronger  solutions 
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caused  irregularities  in  the  rliythin  and  a  weakeniuy^  ui  its  intensity.  It 
the  strength  of  the  acid  was  still  further  increased,  the  contractions 
ceased  or  retrograde  peristalsis  set  in.  In  the  cardia.  on  the  other  iiand, 
solutions  of  from  0.1  to  0.5  i)er  cent,  seenieil  to  have  an  augnicntor  etYect. 

And  Kaplan  -^  in  St.  Petersburg,  using  an  entirely  different  experi- 
mental method,  came  to  the  same  conclusion,  namely,  that  hydrochloric 
acid  stimulates  the  fundus  and  inhibits  th.e  antrum.  It  will  be  remem- 
beried,  of  course,  that  the  chief  work  of  the  antrum  is  motor. 

Bearing  further  on  this  problem  is  Experijnent  1  outlined  above. 
Fifty  cubic  centimeters  of  1  per  cent,  hydrochloric  acid  solution  was 
passed  into  the  stomach  of  a  dog  who  one  hour  previously  had  been  fed 
a  full  meal.  Before  the  hydrochloric  acid  was  given,  the  waves  were 
seen  by  direct  observation  to  pass  down  the  stomach  at  the  rate  of  four 
per  minute.  As  the  total  volume  of  the  meal  that  had  been  fed  was 
750  c.c.  there  naturally  occurred  a  dilution  of  the  hydrochloric  acid.  A 
similar  experiment  was  performed  on  dogs  with  an  emi)ty  stomach. 

Experiment  2. — In  Dog  2,  the  right  and  left  vagi  were  sectioned.  May  "11. 
1922.''  May  17,  the  dog  received  no  food.  The  abdomen  was  opened.  May  18,  at 
3:20  p.  m.  One  hundred  and  fifty  ciihic  centimeters  of  1  per  cent,  sodium 
bicarbonate  was  immediately  passed  into  the  stomach  through  a  tube.  Very 
weak  peristaltic  waves  were  noted  running  all  the  way  down  to  the  pylorus. 
The  stomach  was  washed  at  3:30  p.  m.  At  3:34  p.  m.  150  c.c.  of  1  per  cent 
hydrochloric  acid  solution  was  passed  into  the  stomach  through  a  tube.  Con- 
tractions were  seen  at  once,  starting  with  a  constriction  at  the  level  of  the 
angle  and  followed  by  a  systolic  contraction  of  the  antrum  as  a  whole.  This 
was  repeated  twice.  Then  retrograde  waves  starting  at  the  pylorus  followed. 
The  pylorus  contracted  first  and  then  a  contraction  wave  ran  up  to  the  angle. 
but  the  distal  portion  of  the  antrum  remained  very  firmly  contracted  so  that 
the  entire  antrum  was  like  a  hard  white  cord.  Accompanying  this  retrograde 
wave  was  a  gush  of  vomitus.  This  retrograde  wave  was  repeated  three  times 
more,  and  each  time  there  was  a  gush  of  vomitus.  The  stomacli  then  remained 
perfectly  quiet.  The  duodenum  was  not  seen  as  it  was  overlain  by  the  antrum. 
A  tube  was  passed  into  the  stomach  at  3:43  p.  m.  and  40  c.c.  of  dark  bile 
stained  fluid  was  ol)tained.  .*\t  3:44.  1  per  cent,  sodium  hydroxid  was  passed 
into  the  stomach  through  a  tube.  Weak  peristaltic  waves  running  down  to 
the  pylorus  were  noted.  An  occasional  retrograde  wave  running  from  the 
pylorus  to  the  angle  also  was  seen.  Xo  vomiting  occurred.  .Xt  3 :  55  the 
antrum  was  gently  pulled  a  liule  to  the  right.  In  the  duodenum,  about  4  cm. 
from  the  pylorus,  a  retrograde  wave  was  seen  to  start  and  to  run  up  to  the 
pylorus.  At  3:T'C).  10  c  c.  of  brownish  fluid  was  olitained  through  a  stomach 
tube. 

Several  exceedingly  interesting  observations  not  bearing  exactly  on 
the  facts  we  are  at  present  discussing  may  I)c  briefly  mentioned.  First  is 
the  mechanisiu  of  the  vomiting  that  occurred  when  there  was  a  large 
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abdominal  incision  and  the  abdominal  muscles  could  not  contract.  Then 
the  presence  of  bile  in  the  gastric  contents  alter  the  withdrawal  of  the 
hydrochloric  acid  showed  that  there  had  been  a  regurgitation  of  intes- 
tinal fluids.  This  will  be  referred  to  again.  Finally,  the  observation  of 
a  retrograde  peristaltic  wave  in  the  small  intestine  showed  that  this  type 
of  wave  may  occur  there  and  that  intestinal  regurgitation  is  probably  to 
some  extent  at  least  the  result  of  such  a  phenomenon. 

But  now  we  are  interested  in  the  effects  of  acid  on  gastric  peristalsis. 
To  summarize  the  results  obtained  above :  In  the  first  experiment,  when 
1  per  cent,  of  hydrochloric  acid  solution  was  placed  in  a  stomach  con- 
taining a  large  amount  of  food,  and  hence  was  diluted,  the  rate  of 
peristalsis  slowed  to  one-half  what  it  previously  had  been.  In  the  second 
experiment,  when  1  per  cent,  hydrochloric  acid  solution  was  placed  in 
an  empty  stomach,  three  waves  carrying  the  gastric  contents  toward  the 
••  "enum  were  followed  by  retrograde  waves  which  caused  vomiting. 
„;.  .  which  were  followed  by  complete  cessation  of  gastric  peristalsis. 

We  have  thus  far  found  that  acids  beyond  a  certain  concentration 
delay  gastric  empt}ing ;  that  at  the  same  time  there  is  a  slowing  of  the 
gastric  peristalsis ;  that  the  effect  is  directly  proportional  to  the  concen- 
tration and  that  if  the  strength  of  the  acid  is  still  further  increased  there 
is  a  cessation  of  peristalsis  and  vomiting  after  some  of  the  material  has 
passed  into  the  duodenum. 

The  next  question  of  interest  is,  what  site  does  the  hydrochloric  acid 
stimulate  to  produce  this  slowing  of  peristalsis?  A  great  amount  of 
experimental  work  has  been  done  to  ascertain  the  relationship  of  chemical 
stimulation  in  the  duodenum  to  the  pyloric  reflex,  but  little  is  known  as 
to  the  effect  of  such  stimulation  on  gastric  peristalsis. 

Bearing  on  the  latter  problem  are  some  observations  of  Kirschner 
and  Mangold."  Through  a  gastric  fistula  they  inserted  a  balloon  con- 
nected with  a  recording  apparatus  into  the  antrum  of  the  stomach  and 
traced  the  antral  contractions  graphically  on  a  smoked  drum.  They 
found  that  if  they  injected  20  c.c.  of  0.36  per  cent,  hydrochloric  acid 
solution  into  the  duodenum  there  was  a  cessation  of  antral  contractions 
for  two  and  one-half  minutes.  If  a  larger  quantity  was  used,  then  there 
was  a  prolonged  inhibition.  Eight-tenths  per  cent,  sodium  chlorid  solu- 
tion did  not  have  this  effect.  On  the  other  hand,  olive  oil  also  was  found 
to  cause  inhibition. 

Then  there  is  a  finding  made  by  Reynolds,  Lawrence  and  McClure," 
who  by  means  of  the  fluoroscope,  obser\-ed  the  stomachs  of  men  after 
a  barium  meal  and  with  a  duodenal  tube  in  situ.  In  a  patient  with  a 
duodenal  ulcer,  cessation  of  gastric  peristalsis  followed  the  pouring  of 
some  tenth  normal  hydrochloric  acid  into  the  duodenum  through  the 
tube,  and  at  the  same  time  duodenal  antiperistaltic  waves  were  set  up. 
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The  fact  that  a  duodenal  ulcer  was  present  in  this  patient  should  not 
detract  from  the  value  of  this  observation  since  it  is  in  entire  accord 
with  the  experimental  evidence  outlined  above.  And  also  there  is  further 
confirmatory  data  in  an  earlier  paper  of  McClure,  Reynolds  and 
Schwartz.^  Here,  too,  a  duodenal  tube  was  in  place  in  the  first  portion 
of  the  duodenum.  In  two  subjects  the  introduction  of  twentieth  normal 
hydrochloric  acid  was  followed  by  duodenal  antiperistalsis  with  either 
prolonged  pylorospasm  or  almost  complete  cessation  of  antral  peristalsis. 
In  tw^o  other  cases  following  a  similar  experiment,  after  a  short  latent 
period,  there  was  a  marked  weakening  of  the  waves.  No  mention  is 
made  as  to  whether  any  change  in  rate  was  observed.  " 

It  would  seem  that  the  efiFects  noted  above  of  an  irritant  concen- 
tration of  hydrochloric  acid,  namely,  slowing  of  the  gastric  peristaltic 
weaves,  and  perhaps  a  diminution  in  their  tone,  are  due  to  a  reflex  from 
the  duodenum.  It  is  well  known  that  the  duodenal  mucosa  is  far  more 
sensitive  than  the  gastric,  and  not  alone  to  chemical  but  also  to  mechanical 
stimuli.  Although  the  latter  stimuli  will  be  more  fully  considered  later, 
I  may  quote  from  Luckhardt.  Phillips  and  Carlson : "  "\'omiting  is 
elicited  with  the  greatest  ease  by  any  irritation  of  the  duodenum,"  and 
'reflex  emesis  is  certainly  more  readily  elicited  from  mechanical  irritation 
of  the  duodenal  mucous  membrane  near  the  pylorus  than  from  simple 
irritation  of  the  gastric  mucosa.  Salivation  and  retching  precede  the 
act."  McClure,  Reynolds  and  Schwartz  *  found  that  any  slight  move- 
ment of  the  metal  tip  in  the  duodenum  caused  by  pulling  on  the  tube 
would  cause  cessation  of  peristalsis  in  the  stomach.  These  and  other 
facts  to  be  discussed  later  add  additional  weight  to  the  conclusion 
arrived  at  above.  It  will  also  be  remembered  that  in  the  e.xperiment 
on  Dog  2  outlined  above,  in  which  a  solution  of  1  |ier  cent,  hydrochloric 
acid  was  poured  into  the  stomach,  there  were  three  movements  of 
expression  into  the  duodenum  before  vomiting  occurred.  When  Hirsch.'- 
in  his  work  with  dogs  on  which  he  had  previously  performed  a  duodenal 
fistula,  passed  1  per  cent,  hydrochloric  acid  solution  into  the  stomach 
through  a  tube,  for  from  five  to  ten  minutes  small  quantities  entered  the 
duodenum  and  were  expelled  through  the  fistula,  then  expulsi  ■! 

and  profuse  vomiting  followed.     In  other  words,  it  would  it 

vomiting  occurred  only  after  the  irritant  solutions  had  reached  the  duo- 
denum. I  would  not  be  prepared  to  say  that  still  stronger  irritation  of 
tlie  gastric  mucosa  could  not  set  up  eflforts  of  expression  before  any 
material  had  entered  the  duodenum. 

\\"e  have  thus  far  found  that  solutions  with  ]'  '  '  '  "  non- 
irritating  reactions,  whether  they  are  acid,  neutral  or  y  pass 
through  the  pylorus;  that  if  the  pylorus  is  closed,  an  acid  reaction  is  not 
necessar}-  to  open  it;  that  higher  concentrations  of  acid-  '  'e 
delay,  and  that  this  delay  is  in  part,  at  any  rate,  due  to  -  e 
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gastric  peristaltic  rate;  that  even  in  the  concentrations  norniaily 
encountered  there  may  be  a  ditYerence  of  lour  seconds  in  the  rate  of 
waves  in  hyperacidity  and  hypo-acidity,  the  former  being  the  slower; 
that  r!:c  *:ite  stimulated  by  the  acid  is  probably  the  duodenum;  that  if 
\  I  ^^  acids  are  used  peristalsis  is  completely  inhibited  and  there 

ma\  L'L  reverse  peristalsis  and  vomiting.  It  is  j^ossible  that  at  the  same 
time  there  is  some  action  on  the  pylorus,  that  is,  that  strong  acids  in  the 
'duodenum  increase  its  tone,  but.  as  stated  before,  no  experiments  with 
fistulas  alone  can  be  advanced  as  proof  of  that  contention.  The  whole 
mechanism  is  apparently  to  protect  the  duodenum  from  undue  irritation. 
From  that  point  of  \  icw  it  is  hard  to  see  wh\'  weak  alkalis  or  neutral 
solutions  should  be  kept  back  in  the  stomach,  and  one  can  readily  see 
why  the  strong  acids  should  be  either  retained  till  neutralized  or  expelled 
by  vomiting. 

Effect  of  Physiologic  Co)iccntrafioiis  of  Acids  in  the  Duodenum  on 
the  Pylorus. — Cannon's  theory,  it  will  be  remembered,  is  made  up  of 
tvvo  parts:  first,  that  acids  on  the  gastric  side  open  the  pylorus,  and, 
second,  that  acids  on  the  duodenal  side  hold  it  closed.  We  have  seen  that 
acid  on  the  gastric  side  is  not  necessary  to  open  the  sphincter.  We  shall 
now  consider  whether  acid  on  the  duodenal  side  holds  it  closed. 

The  control  of  the  pylorus  by  acid  in  the  duodenum  is  in  itself  widely 
accepted  as  a  sufficient  theory  of  pyloric  control.  It  is  often  called  the 
Hirsch-von  Mering  theory.  The  mechanical  features  of  this  theory  will 
be  considered  later.  In  its  chemical  phase,  the  acid  is  believed  to  close 
the  jn-lonis  when  it  reaches  the  duodenum  and  to  hold  it  until  the  acid 
has  been  neutralized.  The  sphincter  then  relaxes  and  a  fresh  supply 
of  chyme  is  again  forced  into  tlie  duodenum  ;  the  acid  in  the  chyme  again 
closes  the  pylorus,  and  so  on.  In  this  country,  Spencer,  Meyer,  Rehfuss 
and  Hawk  '®  asserted  adherence  to  the  foregoing  theory. 

It  seems  very  probable  that  acid  on  the  duodenal  side  is  just  as 
unnecessary  for  the  mechanism  of  emptying  the  stomach  as  it  is  on  the 
gastric  side.  And  the  evidence  for  this  belief  is  as  follows :  First,  the 
mechanism  of  the  pylorus  functions  without  acid  under  the  following 
condition- 

(a)  In  aeii\ii;t.  mlic  <>i  inLu^e,  llicrc  i>  no  acid  yet  the  pylorus 
opens  and  closes  to  permit  the  passage  of  chyme.  The  latter  theory  can 
in  no  way  explain  this  fact.  It  must  be  confessed  that  here  is  an  excep- 
tion to  the  rule. 

(b)  During  the  early  course  of  digestion.  T!ie  Rehfuss  test  meal 
often  shows  that  free  hydrochloric  acid  does  not  apf)ear  in  the  gastric 
contents  until  fifteen  minutes  or  longer  after  the  ingestion  of  food. 
Roentgen-ray  observations  show  that  food  ingested  begins  to  leave  the 
stomach  at  once  or  within  a  few  minutes."'     Evidently,  therefore,  food 
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material  does  pass  through  the  {imctioiiing  pylurus  when  no  acid  is 
present.  And  we  can  mention  again  that  even  Cannon  agreed  that  the 
pylorus  opens  and  closes  to  permit  the  egress  of  milk,  egg  white  and  fats 
in  the  absence  of  acid. 

(c)  Spencer,  Meyer,  Rehfuss  and  Hawk  "*  gave  a  patient  an  alkaline 
solution  and  then  withdrew  samples  from  the  stomach  at  regular  inter- 
vals to  test  the  reaction;  they  found  that  the  stomach  had  emptied  itself 
although  the  reaction  had  never  become  acid. 

Second,  the  experimental  introduction  of  acids  directly  into  the 
duodenum  does  not  necessarily  close  the  sphincter  and  keep  it  so.  Of 
course,  hydrochloric  acid  is  an  irritant  to  the  duodenum,  and.  as  detailed 
below,  conclusions  must  be  very  carefully  drawn  from  its  experimental 
use.  Nevertheless,  in  concentrations  higher  than  it  is  normally  known 
to  exist  in  the  duodenum  it  does  not  keep  the  pylorus  closed.    Thus. 

(a)  McClure,  Reynolds  and  Schwartz  ^  found  that  the  injection  of 
acid  into  the  duodenum  through  a  duodenal  tube  did  not  prevent  the 
orderly  opening  and  closing  of  the  pylorus  and  the  discharge  of  ba-rium 
through  it. 

(b)  The  following  experiment  was  performed  by  me.  The  method 
of  preparation  of  the  dog  was  that  described  in  a  previous  paper. - 

Experiment  3. — Dog  3  was  fed  500  c.c.  of  soup  containing  meat  at  1 :  35  p.  m., 
March  2,  1922.  A  transverse  upper  abdominal  incision  was  made  under  light 
ether  anesthesia  at  2:15  p.  m.  Peristalsis  was  present  in  the  stomach.  At 
3  p.  m.  2  c.c.  of  2  per  cent,  soda  bicarbonate  solution  was  injected  into  the 
antrum  just  proximal  to  the  pylorus  with  a  hypodermic  syringe  and  a  very 
fine  needle.  No  effect  was  seen  on  the  opening  and  closing  of  pylorus.  At 
3:10  p.  m.  1  c.c.  of  0.3  per  cent,  hydrochloric  acid  solution  was  injected  into 
the  duodenum  0.5  cm.  beyond  the  pylorus.  No  effect  on  the  opening  and  closing 
of  the  pylorus  was  seen. 

In  view  of  all  this  evidence,  it  seems  justifiable  to  conclude  that  the 
pyloric  mechanism  may  fimction  without  the  ])rcsence  of  hydrochloric 
acid  in  the  duodenum.  Those  who  have  believed  that  it  is  necessary 
have  drawn  their  chief  support  from  the  work  of  Ilirsch,"'  von 
Mering,^^  Serdjukow  -"*  and  Tobler.'-"    In  view  of  the  wide  quotation  of 


27.  Hirsch  (Footnote  10)  ;  Beitragc  zur  motorischen  Funktion  dcs  Magcns 
beim  Hunde,  Centrall)l.  f.  klin.  Med.  13:993.  1892;  Weitcre  Beitragc  zur 
motorischen  Funktion  des  Magens  nach  Bcsuchen  an  Mundcn  mit  Darmfisteln, 
Centralbl.   f.  klin.   Med.   14:377.   1893. 

28.  Serdjukow:  .\I.str.,  Tahrb.  ii.  d.  Fortsclir.  d.  Thysiol.  8:214.  1899;  Eine 
der  wesentlichen  Bedingungen  des  Durchgangcs  dcr  Speisc  aus  dem  Magcn 
in  dem  Darm,  Arbeiter  dcr  Gesellschaft  russische  .^crtzte  in  St.  Petersburg, 
August  and  October,  1899,  p.  46. 

29.  Tobler:  Ueber  die  Eiweissverdauung  im  Magen,  Ztschr.  f.  physiol. 
Chem.  45:185,  1905. 
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their  experiments  their  work  will  be  considered  in  some  detail,  and  in  the 
order  named  above,  for  I  feel  that  their  conclusions  cannot  be  applied  to 
the  processes  of  normal  digestion. 

Some  of  Hirsch's  work  has  already  been  outlined.  He  first  showed 
that  organic  acids  left  the  stomach  slowly  and  that  the  higher  the  con- 
centration, the  slower  the  rate  of  exit.  Although  Hirsch  stated  that  he 
did  not  believe  that  the  reaction  of  the  gastric  contents  had  any  influence 
on  the  opening  or  closing  of  the  pylorus,  nevertheless,  his  experiments 
are  at  times  not  so  interpreted.  Thus,  it  is  believed  that  the  increased 
strengths  of  acid  require  a  longer  time  for  neutralization  in  the  duo- 
denum and  hence  that  the  p\iorus  remains  contracted  for  a  longer 
interval.  But  surely  Hirsch's  experiments  cannot  be  said  to  prove  that. 
As  Cannon  confessed,  they  give  no  answer  to  the  reason  why  the  acids 
leave  slowly — whether  this  was  due  to  a  disturl3ance  in  the  peristalsis 
or  to  the  closure  of  the  pylorus.  And  since  it  has  already  been  shown 
that  by  action  on  the  duodenum  there  is  a  reflex  slowing  of  gastric 
peristalsis  and  possibly  a  diminution  in  gastric  tone,  that  may  at  least 
partially  account  for  the  slow  discharge.  Finally,  as  will  again  be 
emphasized,  0.3  per  cent.,  0.5  per  cent,  and  1  per  cent,  hydrochloric  acid 
are  not  normal  concentrations  for  the  duodenum  and  do  not  occur  there 
in  normal  digestion.  Any  conclusions  drawn  from  their  use  apply  to 
that  strength  of  acid  and  not  to  the  strength  usually  found. 

As  von  Mering's  ^^  work  is  usually  referred  to  in  connection  with 
the  effect  of  mechanical  stimulation  on  the  intestine,  I  shall  later  return 
to  it  under  tliat  head. 

Serdjukow's  "^  experiments  performed  in  Pawlow's  laboratory  have 
been  widely  mentioned  as  proof  that  acid  in  the  duodenum  prevents  the 
exit  of  the  gastric  contents  by  keeping  the  pylorus  shut.  He  poured  into 
the  duodenum  of  a  dog  with  a  gastric  and  duodenal  fistula  5  c.c.  of  pure 
gastric  juice  (not  gastric  contents,  which  have  a  much  lower  acidity) 
from  another  dog.  This  gastric  juice  was  shown  to  contain  0.52  per 
cent,  hydrochloric  acid.  Two  minutes  later,  100  c.c.  of  0.25  per  cent. 
sodium  bicarbonate  solution  was  passed  into  the  stomach ;  then  every 
two  minutes  5  c.c.  of  the  gastric  juice  was  poured  into  the  duodenum 
through  the  fistula.  After  one  and  one-quarter  hours  95  c.c.  of  alkaline 
fluid  was  still  left  in  the  stomach.  The  inference  is  tliat  the  acid  in  the 
duodenum  kept  the  pylorus  closed  so  that  none  of  the  gastric  contents 
could  emerge.  In  the  first  place,  this  method  makes  no  difTerentiation 
between  how  much  of  the  delay  was  due  to  the  pylorus  and  how  much  to 
tlie  peristalsis  or  lack  of  it  in  the  stomach.  Second,  what  is  true  of  0.52 
per  cent,  hydrochloric  acid  need  not  necessarily  be  true  of  acid  in  the 
strength  normally  found  in  the  rluodenum.  This  strength  is  over  twice 
that  normally  found  even  in  the  stomach  contents,  which  is  approxi- 
matflv  0.2  x>cr  rent.    The  suhiect  will  he  more  fully  discussed  presently. 
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But  to  emphasize  once  more,  the  c«.tnclu<ioiii)  drawn  from  Serdjukow's 
experiment  cannot  unreserxedly  be  applied  to  tlie  process  of  normal 
digestion,  for  the  strength  of  the  acid  he  used  is  far  in  excess  of  that 
which  the  gastric  waves  sweep  over  into  the  duodenum.  And  that  is  very 
fortunate,  for  otherwise  our  stomachs  might  never  empty. 

Tobler  -^  had  a  dog  with  a  duodenal  hstula.  Into  the  duodenum  he 
inserted  a  balloon  and  distended  this  with  air  so  that  it  would  competely 
block  the  lumen  below  the  fistula.  But  alongside  the  balloon  he  placed 
a  catheter  so  that  he  could  inject  material  through  it  into  the  duodenum 
below  the  balloon.  The  animal  was  fed  100  gm.  of  finely  chopped  meat. 
Spurts  of  fluid  came  from  the  duodenal  fistula  at  intervals  of  from 
twelve  to  twenty  seconds,  which  would  correspond  to  from  three  to  five 
peristaltic  waves  per  minute.  Then  if  he  took  the  chyme  which  this  dog 
had  expelled  through  the  duodenal  fistula  on  the  previous  day  and  which 
had  been  preserved  on  ice,  and  injected  some  of  it  (he  does  not  say  how 
much)  from  every  five  to  fifteen  minutes  into  the  catheter  so  that  it 
passed  into  the  duodenum  below  the  balloon  he  obtained  the  following 
results : 

After  every  injection  there  was  a  cessation  of  discharge  through 
the  duodenal  fistula  for  from  three  to  ten  minutes ;  then  the  gushes 
from  the  fistula  began  to  emerge  every  three  minutes,  later  from 
every  five  to  seven  minutes,  and  finally  from  every  ten  to  twelve 
minutes.  He  concludes  that  the  action  on  the  duodenum  of  the  acid  in 
the  chvme  injected  through  the  catheter  was  responsible  for  the  closure 
of  the  pylorus.  The  reason  the  food  left  so  rapidly  when  the  chyme 
had  not  been  injected  was  because  the  acid  had  no  time  to  stimulate  the 
mucosa  of  the  duodenum  and  permit  it  to  close  the  pylorus  refiexly. 
By  inference  we  are  therefore  led  to  believe  that  the  second  set  of 
results,  that  is,  diose  in  which  the  chyme  was  discharged  at  varying 
intervals  of  from  three  to  twelve  minutes,  reflects  the  normal  jirocess  of 
digestion.  Yet  such  an  inference  surely  is  not  warranted.  In  the 
first  place,  Tobler  states  that  one  must  be  very  careful  with  the  amount 
of  pressure  to  which  the  duodenal  balloon  is  distended,  for  a  little  too 
much  is  sufificient  to  abolish  all  di.scharge  from  the  stomach  for  a  short 
or  longer  interval.  His  injection  then  is  very  likely  to  upset  this 
balance.  The  presence  of  such  a  balloon  in  the  duodenum,  which  must 
be  so  finely  adjusted  as  to  i)ressure,  surely  places  on  sudi  a  method  the 
burden  of  proof  that  the  results  are  applicable  tt>  normal  digestion. 
Then  again  he  does  not  state  how  much  chyme  was  injected  each  time 
through  the  catheter,  and  we  camiot  tell  whether  it  approximated  in 
quantity  the  amount  that  is  ejected  through  the  pyl.irus  with  each 
peristaltic  wave.  But  folowing  each  of  these  injections  the  gushes  from 
the  stomach  stopped  for  from  three  to  ten  minutes.     (He  says  that  the 
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pylorus  closed,  although  sucli  an  inference  could  lianlly  be  nuule  with 
certainty,  for  there  was  no  direct  evidence  to  prove  it.)  Later  these 
i^ushes  emerged  at  intervals  ranging  from  ten  to  twelve  minutes.  If 
we  accept  the  evidence  given  above  that  every  peristaltic  wave  forces 
ch\ine  into  the  duodenum,  we  have  further  support  to  the  belief  that  the 

>ual  conditions  under  which  Tobler  did  his  work  gave  him  these 

cdingly  long  intervals.  For  even  Cannon  '  (p.  60),  who  believed  that 
the  discharge  through  the  pylonis  was  at  irregular  intervals,  gives  their 
u^ual  limits  as  from  ten  to  eighty  seconds.  There  is  no  other  evidence 
that  each  discharge  of  gastric  contents  into  the  duodenum  is  normally 
followed  by  an  interval  of  from  three  to  ten  minutes.  And  so  Tobler's 
work,  too,  cannot  be  said  to  prove  that  acid  in  the  quantities  normally 
found  in  the  duodenuiu  produces  a  closure  of  the  pylorus  and  thus 
regulates  the  emptying  of  the  stomach. 

We  may  say  then  of  this  work  that  strong  acids  introduced  into 
the  duodenum  delay  gastric  emptying.  And  this  is  in  entire  accord 
with  the  work  already  described  showing  that  high  acid  concentrations 
in  the  stomach  delay  emptying  and  that  the  reflex  for  this  delay  is 
initiated  in  the  duodenum  after  some  of  the  acid  is  carried  over.  It  will 
be  remembered  that  some  of  the  delay  was  due  to  slowing  and  weak- 
ening of  the  peristalsis.  And  even  if  at  the  same  time  there  is  a  slight 
spasm  of  the  pylorus  in  the  foregoing  experiments,  it  does  not  neces- 
>arily  follow  that  the  same  is  true  when  normal  reactions  and  condi- 
tions are  present. 

But  what  is  the  usual  reaction  of  hydrochloric  acid  in  the  upper 
part  of  the  duodenum?  The  evidence  seems  to  show  that  it  is  either 
alkaline  or  weakly  acid.  And  that  does  not  appear  strange,  for  with 
an  abundance  of  strong  intestinal  and  pancreatic  juices  present  in  the 
intestine,  the  neutralization  of  the  free  hydrochloric  acid  carried  over 
from  the  stomach  must  consume  very  little  time.  Thus,  after  feeding 
an  animal,  the  examination  of  the  fluid  expelled  through  a  duodenal 
fistula  has  in  the  hands  of  both  Tobler  -"  and  Moritz  '^  shown  that  this 
material  contained  no  free  hydrochloric  acid.  And  in  this  country 
Luckhardt,  Phillips  and  Carlson  "  similarly  could  demonstrate  no  free 
hydrochloric  acid.  Meyers  and  McClendon "°  ascertained  that  the 
hydrogen  ion  concentration  of  duodenal  contents  aspirated  at  the  height 
cii  digestion  rangerl  from  /^h  3.8  to  pu  7.54.  A  hydrogen  ion  concen- 
tration of  3.8  is  equivalent  in  terms  of  hydrochloric  acid  to  a  strength 
of  approximately  0.0001  per  cent.  A  hydrogen  ion  concentration  of 
7.0  represents  neutrality.  The  reactions  they  found  therefore  varied 
from  the  acidity  indiratfd  u},r,vo  to  a  very  weak  alkalinity.     Certainly 
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30.  Meyers,  ¥.  J.,  and  Mr(  i<nnon.  J.  F. :     Xote  on  the  Hydrogen  Ion  Con- 
centration of  the  Human  Diioflenum,  J.  Biol.  Chem.  41:187   ("Feb.)    1920. 
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this  strength  in  no  way  corresponds  to  the  concentrations  used  in  the 
experimental  work  outHned  above,  and  from  which  conclusions  were 
drawn  as  to  the  normal  function  of  this  sphincter.  It  will  be  remem- 
bered, for  instance,  that  Serdjukow  used  0.5  per  cent,  liydrochloric 
acid  solution,  ^^'e  can  therefore  only  conclude  from  his  work  that  his 
results  obtained  for  that  strength  of  acid.  And  the  whole  would  appear 
as  a  protective  mechanism  of  the  duodenum  against  high  concentrations 
of  acid. 

It  seems  then  that  we  must  conclude  that  during  the  course  of  nor- 
mal digestion,  acidity  on  both  the  gastric  and  the  duodenal  side  plays 
a  small  part,  if  any.  in  the  opening  and  closing  of  the  pylorus. 

Summarizing  then  the  effect  of  chemicals  on  the  pylorus,  wc 
may  say: 

1.  The  presence  of  acid  on  the  gastric  side  is  not  necessarv  lor 
the  opening  of  the  pylorus. 

2.  Normal  concentrations  of  acid  on  the  duodenal  side  do  not  keep 
the  pylorus  closed. 

3.  Concentrations  of  acid  higher  than  normal  in  the  stomach  cause 
a  slowing  of  gastric  peristalsis,  and  while  this  is  especially  notable 
in  concentrated  experimental  solutions,  it  is  however  also  noticeable 
within  the  limits  found  in  hyperchlorhydria. 

4.  Very  strong  acids  cause  a  complete  inhibition  of  peristalsis,  and 
even  reverse  peristalsis  and  vomiting. 

5.  The  site  of  origin  for  this  reflex  is  the  duodenum. 

6.  The  theory  of  acid  control  on  both  sides  of  the  pylorus  (Cannon) 
or  from  the  duodenum  alone  does  not  explain  all  known  facts. 

B.    EFFECT    OF    MEC1IANIC.\L    STIMULI    ON    THE    PYLORUS 

Mechanical  Stimulation  on  the  Gastric  Side. — It  has  been  shown  that 
the  action  of  hydrochloric  acid  does  not  adequately  explain  the  control 
of  the  sphincter  of  the  pylorus  during  the  course  of  normal  digestion. 
That  leaves  as  other  possible  factors  thermal  and  mechanical  stimuli. 
Since  thermal  stimuli  (they  will  be  considered  later)  must  obviously  be 
limited  in  their  influence,  mechanical  stimulation  is  left  for  serious  con- 
sideration. As  in  the  previous  section,  the  efTect  of  stimulation  on  the 
gastric  side  of  the  pylorus  will  be  considered  first,  and  then  the  effect  on 
the  duodenal  side. 

That  the  contents  of  the  antrum  are  normally  fluid  has  long  been 
known  and  conceded,  and  needs  no  special  comment.  Solids  are 
fluidified  in  the  body  and  fundus  by  means  of  ferments,  and  the  con- 
stant pressure  of  these  parts  aided  by  the  gentle  peristalsis  forces  the 
fluid  or  pulpy  portion  over  into  the  antrum.    Here  the  strong  muscular 
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action  helps  mechanically  to  sqnash  the  contents.     The  material  forced 
over  into  the  duodenum  is  normally  fluid.    Thus  far  all  agree. 

What  occurs  if  perchance  a  solid  portion  of  food  has  heen  carried 
into  tlie  antrum?  In  four  of  the  dogs  studied  by  me,  retrograde 
peristaltic  waves  were  seen  to  begin  at  the  pylorus  and  run  up  to  the 
reentrant  angle,  that  is,  through  the  entire  course  of  the  antrum  and 
up  to  the  body.  These  were  repeated  three,  four  or  more  times.  In 
each  case  palpation  of  the  antrum  revealed  the  presence  in  it  of  either 
a  bone  or  a  large  piece  of  meat.  The  peristaltic  waves  recurred  until 
the  solid  body  had  been  pushed  back  into  the  body  of  the  stomach.  In 
one  dog  a  piece  of  meat  and  in  another  a  small  bone  was  pushed  by  me 
from  the  body  into  the  antrum.  The  normal  peristalsis  which  was 
going  on  till  then  immediately  ceased,  and  retrograde  waves  commencing 
at  the  pylorus  forced  back  the  meat  and  the  bone  into  the  body.  All 
these  dogs  were  prepared  in  the  manner  previously  described.-  One-half 
hour  before  the  observations,  they  received  a  meal  of  broth,  meat  and 
small  bones  totaling  one-half  liter. 

These  observations  are  in  agreement  with  those  of  HofTmeister  and 
Schiitz.^^  It  will  be  remembered  that  their  method  was  to  excise  the 
stomach  of  a  dog  and  to  place  it  in  a  moist  chamber.  Some  of  their 
dogs  had  been  fed,  others  had  been  starved.  Occasionally  they  saw 
waves  commencing  at  a  closed  pylorus  and  running  back  to  the  level  of 
the  reentrant  angle.  As  these  waves  were  only  seen  in  stomachs  that 
contained  coarse  food,  they  concluded  that  some  large  particles  had 
found  their  way  into  the  antrum  and  were  being  driven  back  into  the 
pylorus.  They  did  not,  however,  actually  feel  these  particles.  Over 
one  hundred  years  ago  Magendi,^-  too,  had  reported  that  any  solid 
bodies  carried  into  the  antrum  were  driven  back  into  the  body  of  the 
stomach.  \'on  Pfungen  ^^  had  later  made  a  similar  observation.  Appar- 
ently, therefore,  a  mechanism  exists  to  prevent  (for  a  time  at  any  rate) 
the  passage  of  solid  material  into  the  intestine.  That  solids  can  pass 
over,  however,  is  well  known.  But  they  seem  to  be  limited  for  the  most 
part  to  nondigestible  material,  and  are  probably  carried  over  at  the  end 
of  digestion  when  pyloric  tone  is  lowest.  On  one  occasion  I  followed 
the  progress  of  a  bone  through  the  pylorus.  It  was  a  small  elongated 
bone  about  1^  inches  long.  Continuous  systolic  waves  coursed  over 
the  stomach,  and  as  each  wave  reached  the  bone  it  was  pushed  about 
one  eighth  ''^  -'m  inrli  nnunrfl      Jt  took  fifteen  waves  to  push  the  bone 


31.  Hoftrri'i-T'r    .u.'i    >(ninz:      L'eher    die    automatischen    Rewegungen    des 
Magens,  Arch.  f.  exper.  Path.  u.  Pharmakol.  20:1,  1885. 

32.  Magendi  quoted  from  Luciani :    Physiologic  des  Mensclien,  Jena  2:167, 
1906. 

33.  Pfungen    (Footnote   30.   p.    162). 
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through  the  pylorus.  During  this  time  a  portiun  la  mc  i.muc  \va^,  of 
course,  both  in  the  stomach  and  in  the  duodenum. 

It  seems  probable  (although  no  work  has  been  done  to  prove  this) 
that  the  site  for  the  stimulus  of  these  retrograde  waves  is  the  pylorus. 
Apparently,  when  the  solid  particle  is  carried  up  against  the  sphincter 
the  latter  closes  and  retrograde  waves  which  drive  it  backward  are 
initiated. 

This  phenomenon  is,  no  doubt,  an  exceptional  occurrence.  The 
influence  of  the  degree  of  fluidity  of  the  gastric  contents  on  the  emptying 
time  of  the  stomach  may,  however,  be  of  more  importance.  As  a  result 
of  his  observation  on  dogs  by  means  of  a  duodenal  listula,  Hirsch  -'  first 
concluded  that  the  fluidity  of  the  stomach  contents  was  one  of  the  most 
important  factors  in  gastric  emptying,  but  his  proofs  seem  inadequate. 
Later  Moritz,^^  using  the  same  method,  reached  the  same,  conclusions. 
Working  with  water,  milk  and  meat,  he  showed  that  pure  fluids  (water 
and  uncoagulated  milk)  came  out  most  rapidly;  when  the  milk  was 
coagulated,  the  rate  of  discharge  was  slower.  The  meat  took  longest  of 
all  to  be  discharged.  Further,  if  fluid  was  given  the  dog  while  meat  was 
in  the  stomach,  the  fluid  was  expelled  rapidly,  but  the  solid  portions  of 
meat  were  retained  till  either  fluidified  or  changed  to  a  soft  pulpy  con- 
sistency. Cohnheim,^"*  also  using  a  duodenal  fistula,  found  that  finely 
chopped  meat  began  to  leave  the  stomach  in  fifteen  minutes,  and  that 
50  gm.  left  the  stomach  in  one  hour  and  thirty-five  minutes.  If  on 
the  other  hand,  50  gni.  was  fed  to  a  dog  in  lumps  from  1  to  2  cm. 
large,  it  took  two  hours  and  thirty  minutes  for  the  stomach  to  empty 
itself.  More  recently,  Ortner  ''••  jirepared  a  thick  pulp  of  charcoal  in 
water  and  diluted  it  to  suspensions  of  varying  fluid  content.  These 
different  mixtures  were  fed  -to  dogs  with  duodenal  fistulas  and  the  time 
recorded  when  the  first  material  was  discharged  through  the  fistula. 
He  found  that  the  greater  the  water  content,  the  earlier  the  discharge 
through  the  fistula.  Incidentally,  all  the  material  discharged  was  neutral 
in  reaction.  He  believed  that  his  results  spoke  very  strongly  for  the 
theory  that  fluidification,  entirely  apart  from  the  reaction  and  the  chem- 
ical composition,  gave  the  stimulus  for  the  opening  of  the  pylorus. 
While  that  conclusion  is  entirely  possible,  it  cannot  be  made  with  cer- 
taintv  because  his  method,  as  before  stated,  does  not  distinguish  between 
delav  due  to  the  pylorus  and  that  due  to  slowing  of  gastric  peristalsis. 
Cannon, ^^  too,  in  spite  of  the  great  importance  he  ascribed  to  the  chemical 
control  of  the  pylorus,  believed  that  the  addition  of  hard  particle?  to  the 
food  caused  delay  in  emptying. 


34.  Cohnheim :      Die    pliysiologie    der    \'erdauuiicr    iind    Eriiahrung.    Berlin, 
1908,  p.  22. 

35.  Cannon    (Footnote   1.   p.   122). 
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We  may,  therefore.  sa\  that  the  stale  of  the  material  normally  dis- 
charged through  the  pylorus  is  Huid  :  that  a  mechanism  exists  in  the 
antrum  or  pylorus  to  hinder  the  exit  of  undigested  (or  unfluiditied 
solids),  and  that  it  is  prohahle  that  the  higher  the  fluid  content  of  the 
food  in  the  stomach  the  more  rapid  its  discharge.  And  in  view  of  the 
previous  discussion  of  the  chemical  control  of  the  pylorus,  these  things 
are  true  regardless  '■*"  'lie  .liemical  reactions,  provided  they  be  within 
physiologic  limits. 

Effect  on  Pylorus  of  Mechanical  Stiimilatio}!  of  the  Dnodcnnin. — 
The  early  experimental  work  to  determine  the  effect  on  the  pylorus 
of  mechanical  stimulation  of  the  duodenum  is  open  to  the  same  two 
faults  mentioned  in  connection  with  the  incjuiries  concerning  chemical 
control.  Thus,  first,  stimuli  were  applied  that  do  not  occur  during  nor- 
mal digestion,  and,  second,  the  method  did  not  distinguish  between  delay 
due  to  closure  of  the  pylorus  and  delay  due  to  cessation  of  gastric 
peristalsis. 

In  1893  Hirsch -'  first  called  attention  to  the  following  fact:  If 
water  was  given  by  mouth  in  an  animal  with  duodenal  fistula,  it  flowed 
out  through  the  fistula  so  rapidly  that  at  the  end  of  one-half  hour  the 
stomach  was  always  empty.  But  if  he  now  closed  the  duodenal  fistula 
and  so  permitted  all  the  water  to  pass  into  the  intestine  and  then 
repeated  the  foregoing  experiment,  at  the  end  of  one-half  hour  appreci- 
able quantities  of  fluid  could  still  be  aspirated  from  the  stomach.  And 
this  was  also  true  of  an  animal  in  which  no  fistula  had  been  created.  He 
concluded,  therefore,  that  a  reflex  from  the  intestine  regulates  the  empty- 
ing of  the  stomach ;  that  when  no  duodenal  fistula  exists,  the  fluid 
remains  to  distend  the  intestine  and  a  reflex  regulates  the  further  dis- 
charge. When  on  the  other  hand  the  fluid  immediately  passed  out 
through  the  fistula  this  did  not  occur  and  rapid  emptying  resulted. 

A  few  years  later,  von  Mering  '"  confirmed  this.  In  addition  he 
found  that  if  a  dog  was  given  400  c.c.  of  water  by  mouth  and  immedi- 
ately following  this  300  c.c.  of  milk  was  injected  over  a  period  of  one 
hour  into  a  duodenal  fistula,  at  the  end  of  the  hour  only  9  c.c.  of  fluid 
was  discharged  through  the  fistula,  the  rest  being  retained  in  the 
stomach.  On  the  other  hand,  if  nothing  was  injected  into  the  fistula  the 
stomach  would  be  empty  in  twenty-five  minutes.  The  latter  work 
reminds  us  of  a  similar  experiment  of  Serdjukow  '^'^  with  pure  gastric 
juice  Capproximately  0.5  per  cent,  hydrochloric  acid),  and  it  is  open  to 
the  same  objections.  The  injection  of  ordinary  milk  in  such  a  manner 
cannot  be  said  to  parallel  the  ejection  of  chyme  from  the  stomach  by  the 
peristaltic  waves.  And  this  is  conclusively  shown  by  the  fact  that  at  the 
end  of  one  hour  onlv  9  c.c.  r,f  fluid  had  left  the  str)mach.     Then  Mar- 
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baix  ^*^  found  that  if  lung  areas  of  intestine  were  lilled  with  fluid  through 
fistulas,  the  discharge  from  the  stomach  was  inhibited.  Here,  again,  as 
Cannon  ""  points  out  the  conditions  are  not  normal  for  food  is  distributed 
in  the  intestine  in  separate  short  masses.  Later  Tobler.--'  as  has  already 
been  stated,  noticed  that  if  a  balloon  were  inflated  in  the  duodenum, 
gastric  discharge  could  be  completely  stopped. 

None  of  these  methods  prove  that  the  effect  produced  was  really  due 
to  closure  of  the  pylorus,  although  these  observers  seem  to  think  that 
this  was  the  cause  of  the  delayed  emptying  rather  than  a  disturbance  of 
peristalsis.  That  strong  mechanical  stimulation  of  the  duodenum  does 
affect  gastric  peristalsis  is  shown  by  the  observations  of  McClure, 
Reynolds  and  Schwartz.^  During  their  experiments,  previously  referred 
to,  they  found  that  pulling  back  the  tip  of  a  duodenal  tube  from  the 
second  and  third  portion  of  the  duodenum  to  the  pylorus  caused  a 
cessation  of  gastric  peristalsis,  which  lasted  in  one  case  one-half  hour. 
These  observ'ations  were  made  by  means  of  the  fluoroscope. 

But  strong  mechanical  stimulation  also  directly  affects  the  pylorus. 
Thus,  the  vigorous  mechanical  stimulation  incident  to  the  introduction 
of  an  observation  cannula  into  the  duodenum  through  a  duodenal  fistula, 
in  an  attempt  to  observe  the  pylorus,  resulted  in  long  continuefl  pyloro- 
spasm  and  vomiting.^  And  in  agreement  with  the  work  of  other  authors, 
Wheelon  and  Thomas  "*  found  that  an  attemj)!  to  pal])ate  the  lumen  of 
the  pylorus  with  one  finger,  through  a  gastric  fistula,  alwavs  led  to  a 
firm  pylorospasm. 

We  may  say,  then,  as  a  result  of  the  foregoing  experiments:  First, 
that  just  as  strong  chemical  stimuli  cause  delay  in  gastric  emptying,  so 
do  powerful  mechanical  stimuli ;  second,  that  this  delay  is  probably  due 
either  to  closure  of  the  pylorus  or  to  cessation  of  gastric  peristalsis, 
or  both,  and  it  seems  natural  that  these  two  factors  should  work  together ; 
and  third,  that  such  potent  mechanical  stimuli  applied  as  described 
above  unquestionably  have  these  efl'ects.  but  that  tlu'\-  do  not  operate 
under  normal  circumstances. 

One  set  of  observations,  however,  seems  to  have  an  imiioriant  bear- 
ino-  on  normal  digestion.  That  is  the  work  of  Ilirsch  -"  and  of  von 
Mering  ^^  mentioned  above  in  which  each  showed  that  the  stomach 
emptied  itself  more  rapidly  in  dogs  in  the  presence  of  a  duodenal  fistula. 
When  the  chvine  is  forced  through  the  pylorus  it  is  passed  into  tiie  first 
portion  of  the  duodenum,  commonly  called  the  "bulb."  This  portioii  acts 
as  a  temporary  reservoir  and  its  w.dls  arc  distended  by  the  chyme. 
When  a  high  duodenal  fistula  has  becMi  performed,  the  chyme  immedi- 
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ately  passes  out  through  this  and  no  distention  of  the  lirst  part  of  the 
duotlenum  takes  place.  It  seems  possible  that  distention  has  some  iiiHu- 
tnce  on  the  emptying  time  of  the  stomach.  But  whether  the  reflex 
eiYect  is  exerted  on  the  rate  and  strength  of  gastric  peristalsis  or  on 
the  tone  of  the  pylorus,  or  on  both,  cannot  be  stated  from  the  foregoing 
experiments.  We  can  only  say  that  when  the  distention  occurs  the 
rate  of  discharge  is  slower  than  when  it  is  absent. 

In  view  of  the  foregoing  observations,  we  may  now  summarize  the 
efi'ect  of  mechanical  stimuli  as  follows:  If  there  is  material  of  a  fluid 
or  pulpy  consistency  in  the  stomach,  it  is  forced  into  the  antrum  by  the 
tonus  of  the  fundus  and  body  and  by  the  light  peristaltic  waves  of  the 
latter.  Every  advancing  peristaltic  wave  in  the  antrum  then  forces 
Siime  of  this  chyme  into  the  duodenum.  During  the  early  part  of  diges- 
tion, if  a  solid  piece  of  food  finds  its  way  into  the  antrum,  it  is  carried 
back  to  the  body  by  retrograde  peristalsis.  During  the  latter  part  of 
digestion,  the  consistency  of  the  expressed  material  seems  to  be  thicker, 
and  solid  (usually  undigestible)  substances  may  be  forced  through. 
Further,  the  chyme  is  propelled  through  the  pylorus  whether  its  reaction 
is  acid,  neutral  or  alkaline  (provided  these  reactions  be  within  physiologic 
limits).  Strong  mechanical  stimuli  in  the  duodenum,  more  marked  than 
those  occurring  during  digestion,  unquestionably  delay  or  abolish  gastric 
motility  by  closure  of  the  pylorus  or  inhibition  of  peristalsis  or  both. 
But  normal  stimuli  incident  to  the  distention  of  the  duodenal  bulb  by 
the  chyme  may  regulate  in  part  the  gastric  emj^tying.  Whether  that  effect 
is  on  the  tone  of  the  pylorus  or  on  the  gastric  peristalsis,  the  foregoing 
re-earches  dri  not  make  clear.' 
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The  reported  effects  of  temperature  on  gastric  emptying  time  are 
>omewhat  contradictory.  Thus,  Miiller  ^"  found  that  fluids  at  body 
temperature  left  the  stomach  most  rapidly,  while  those  that  w^ere  hot  or 
cold  left  more  slowly.  Roeder's  *"  results  were  exactly  opposite,  the 
"ifilutions  at  body  temperature  being  the  slowest  to  leave.  It  would  be 
exceedingly  interesting  to  determine  definitely  the  effect  of  temperatures 
r.n  the  tone  of  the  pylorus  and  on  gastric  peristalsis.  Nevertheless,  this 
effect  cannot  be  of  vast  importance  in  the  jjrocess  of  normal  digestion. 
For  the  stomach  rapidly  brings  to  body  level  the  temperature  of  the  food 
that  is  taken,  and  anv  stimulus  that  would  exist  because  of  a  variation 
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from  Ijiat  level  would  at  the  same  time  disai-pcai.  'juukkc,-  u<r 
instance,  found  that  water  of  40  degrees  C.  reached  body  temperature 
in  the  stomach  in  ten  minutes. 

D.    PROBABLE    MANNER    OF    CONTROL    OF    THE    PYLORUS 

\\  e  shall  now  pause  for  a  moment  to  reconsider  the  questions  that 
have  been  discussed.  We  started  with  an  assumption  which  practically 
all  will  accept,  namely,  that  the  pylorus  is  closed  following  the  ingestion 
of  food  into  the  stomach.  Then  Cannon's  theor}',  the  first  part  of  which 
assumed  that  acid  on  the  gastric  side  was  necessary  to  open  it,  was  con- 
sidered. It  was  shown,  however,  that  the  absence  of  acid  did  not  prevent 
the  food  from  leaving,  and  hence  that  acid  was  not  necessary 
for  the  opening  of  the  pylorus.  The  second  part  of  the  theory 
was  then  considered,  which  like  the  Hirsch-von  Mering  theory  assumed 
that  acid  on  the  duodenal  side  controlled  the  pylorus,  the  sphincter 
remaining  closed  as  long  as  acid  was  present  there,  and  opening  as 
soon  as  the  acid  was  neutralized.  This  theory  was  likewise  fournl 
wanting  for  it  would  imply  that  if  no  acid  were  present  in  the  duodenum 
the  pylorus  would  remain  continuously  open.  This  is  not  so,  for  the 
pylorus  closes  in  the  absence  of  acid.  Further,  it  was  shown  that  foo<l 
could  leave  the  stomach  even  while  the  reaction  in  the  duodenum  was 
acid.  Hence  this  theory,  too,  is  unsatisfactory.  Next,  the  mechanical 
theory  of  regulation  from  the  duodenum  was  considered.  It  was  found 
that  distention  of  the  duodenum  influences  the  rate  of  emptying.  But 
no  evidence  was  adduced  that  in  the  amounts  normally  present  it  con- 
trolled the  opening  and  closure  of  the  pylorus.  It  is  possible  to  believe 
that  distention  of  the  duodenum  by  the  chyme  effects  the  closure  of 
the  pylorus,  and  that  its  relaxation  permits  opening.  But  that  has  not 
been  proved.  And  in  addition  the  experiments  of  Wheelon  and 
Thomas,^  already  described,  showed  that  the  pyloric  closure  occupies  a 
fixed  relation  to  antral  contraction.  Evidence  presently  to  be  described 
also  tends  to  show  that  the  peristalsis  of  the  antrum  is  intimately  boimd 
up  with  the  closure  of  the  pylorus,  too  closely  to  permit  of  the  belief 
(just  as  \\'heelon  and  Thomas  found  with  acids)  that  meclianical  stimu- 
lation from  the  duodenum  could  effect  closure  of  the  pylorus  without 
first  acting  on  the  antrum.  Nevertheless,  it  may  l->e  that  mechanical 
stimulation  of  the  duodenum  influences  the  tone  of  the  pylorus  in  the 
manner  to  be  described  later.  We  may  say  then  that  thus  far  none  of  the 
theories  are  consistent  with  the  facts  as  we  believe  them. 

When  I  described  in  a  previous  section  the  character  of  the  peristaltic 
waves  in  the  dogs  I  studied,-  nothing  was  stated  concerning  the  pylorus. 
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The  >anie  technic  that  has  heen  described  was  used.  Three  i^ts  of 
observations  seem  of  great  iiuportance.  First,  contraction  and  relaxation 
of  the  pylonis  could  easily  be  dilYerentiated.  In  the  former,  the  muscle 
was  hrmly  contracted,  markedly  anemic  and  white  in  color.  To  the 
touch  it  was  as  hard  as  cartilage.  There  was  no  doubt  that  the  lumen 
was  totally  obliterated.  In  the  latter,  the  musculature  was  definitely 
relaxed ;  the  color  of  the  musculature  was  the  same  pink  as  that  of  the 
relaxed  stomach,  and  the  pylorus  felt  soft.  While  of  course  the  pyloric 
lumen  could  not  be  visualized,  there  seemed  but  little  question  that 
it  was  patent.  And  that  belief  was  further  substantiated  by  the  fact 
that  in  some  dogs  during  the  entire  period  of  relaxation  fluid  could  be 
heard  and  felt  being  forced  through  the  pylorus.  Furthermore,  if  the 
pylorus  was  grasped  between  the  thumb  and  the  forefinger  with  the  one 
on  the  gastric  and  the  other  on  the  duodenal  side,  a  lumen  of  varialile 
size  could  be  felt. 

The  second  fact  of  importance  was  the  relation  of  these  stages  of 
contraction  and  relaxation  to  the  gastric  peristaltic  wave.  During  normal 
peristalsis,  the  contraction  occurred  only  after  the  peristaltic  wave  had 
reached  the  pylorus.  After  a  regular  interval  (presently  to  be  con- 
sidered) the  relaxation  followed.  When  no  waves  were  present  in  the 
antrum,  the  pylorus  was  relaxed.  This  does  not  mean  that  chyme 
necessarily  was  passing  through,  for  food  does  not  leave  the  stomach 
unless  it  is  pushed  out.  If  Cannon't  theory  were  correct,  the  pylorus 
would  have  been  contracted  most  of  the  time,  and  the  relaxations  would 
have  occurred  independently  of  the  peristaltic  waves ;  but,  as  stated 
above,  unless  a  peristaltic  wave  had  passed  down  ta  the  pylorus  it 
remained  relaxed.  Contraction  (except  in  retrograde  peristalsis)  did 
not  occur  independently  of  these  waves.    It  was  always  their  culmination. 

The  third  important  factor  was  the  time  relation  of  contraction  and 
relaxation.  In  dogs  with  four  waves  to  the  minute  the  average  length  of 
the  contraction,  as  measured  by  a  stop  watch,  was  from  four  to  five 
seconds  and  the  average  length  of  the  stage  of  relaxation  was  from 
ten  to  eleven  seconds.  In  other  words,  the  pylorus  was  firmly 
closed  for  from  but  one  quarter  to  one  third  of  the  gastric  cycle.  For 
the  remainder  of  the  time  it  was  relaxed.  That  is  hardly  in  agreement 
with  the  conception  that  the  pylorus  is  closed  for  the  larger  ])art  of  the 
cycle  and  opens  at  intervals  to  let  the  food  through.  It  would  appear 
more  correct  to  conceive  the  pylorus  as  patent  to  ])ermit  the  passage 
of  chyme  and  closing  at  regular  intervals  after  each  flischarge  into  the 
duodenum. 

These  factors  lead  to  the  following  conception  of  some  of  the 
mechanical  conditions  incident  to  digestion.  Frjllowing  the  entrance  of 
food  into  the  stomach,  the  pylorus,  which  has  been  relaxed,  assumes  a 
state  of  tone.    That  is  what  has  usuallv  been  referred  to  as  the  closure 
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of  the  pylorus.  Of  course,  if  a  circular  ring  of  muscle  becomes 
moderately  tonic,  and  there  is  nothing  within  its  lumen,  its  margins  will 
be  in  contact.  In  that  sense  the  pylorus  may  be  said  to  be  closed.  But 
normally  that  state  of  tone  is  less  than  the  pressure  to  which  the  fluid 
contents  of  the  antnun  are  subjected  by  the  advancing  peristaltic  wave. 
And  so  this  wave  during  its  progress  through  the  antrum  partially  over- 
comes the  closure  and  forces  chyme  in  a  continuous  stream  through  the 
ringlike  opening  of  the  pylorus.  The  size  of  this  ring  will  depentl  on 
the  amount  of  tone  of  the  pylorus  on  the  one  hand,  and  on  the  pressure 
created  by  the  peristalsis  on  the  other.  During  the  larger  part  of  the 
gastric  cycle  then  the  pylorus  is  open,  and  chyme  is  being  forced 
through  it.  It  is  difficult  to  say  where  the  tone  stimulus  to  the  ])ylorus 
arises.  But  it  seems  probable  that  it  usually  comes  after  some  of  the 
fluid  has  been  passed  into  the  duodenum.  Naturally,  the  ainount  of  tone 
in  the  pylorus  may  vary,  but  the  factors  that  bring  this  about  have  not 
altogether  been  determined.  We  have  seen,  for  instance,  that  unnatural 
stimuli,  such  as  strong  mechanical  irritation,  may  cause  a  firm  spasm, 
and  this  factor  may  have  aided  in  the  slower  exit  of  the  strong  acids 
used  in  some  of  the  experiments  outlined  above.  Also,  in  normal  diges- 
tion the  acidity  and  mechanical  state  of  the  chyme  vary,  and  they  may 
alter  the  amount  of  tone,  but  the  normal  stimuli  tlo  not  cause  spasm. 
It  also  seems  probable  that  extrinsic  impulses  through  the  vagi  and 
sympathetics  may  vary  the  amount  of  the  pyloric  tone.  This  is  one 
phase  of  the  activity  of  the  pylorus. 

The  other  phase  is  closely  related  to  the  peristaltic  wave.  .As  the 
peristaltic  wave  advances  down  the  antrum,  its  ringlike  contraction 
becomes  deeper  and  deeper  until  it  finally  reaches  the  pylorus.  The 
latter  is  then  contracted  to  the  intensely  hard  white  structure  mentioned 
above.  As  already  stated,  the  length  of  this  contraction  is  from  one 
third  to  one  quarter  of  the  cycle.  This  closure  is  of  a  different  type 
from  the  one  described  above.  Nothing  can  pass  through  the  pylorus 
when  it  takes  place.  Whether  the  length  of  this  closure  may  be  influ- 
enced by  local  or  distant  stimuli.  I  cannot  .say.  But  it  appears  from 
watching  the  waves  that  the  length  of  the  contraction  is  dependent 
rather  on  the  rate  of  peristalsis,  and  that  it  consiuncs  a  more  or  less 
fixed  relation  to  the  time  of  the  entire  wave.  It  will  also  be  evident 
that  this  firm  closure  occurs  when  the  pressure  in  the  antrum  is  lowest 
(when  the  advancing  wave  has  reached  the  pylorus)  and  when  it  effec- 
tually prevents  regurgitation  of  chyme  from  the  distended  duodenal  cap. 

I  would  again  emphasize,  in  the  first  place,  the  pyloric  tone,  which 
the  pressure  of  the  chyme  in  the  antnun  opens  to  a  diaphragm-like 
lumen  during  the  larger  part  of  the  time.  and.  second,  the  firm  con- 
tractions at  the  end  of  the  peristaltic  waves,  alternating  with  relaxations. 
If  there  are  no  peristaltic  waves,  these  firm  contractions  do  not  normally 
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occur.  Under  those  conditions,  it  the  pressure  exerted  by  the  tonicity 
of  tlie  stomach  is  surticient  to  overcome  the  tone  of  the  pylorus  (which 
may  be  very  low  or  high,  depending  on  the  nature  of  the  foodstuffs  and 
other  causes),  material  may  be  forced  into  the  duodenum  without  peris- 
talsis. And  on  the  other  hand,  if  the  pressure  in  the  duodenum  is  greater 
tlian  the  tone  of  the  pylorus  and  greater  than  that  existing  at  that  par- 
ticular time  in  the  stomach,  then  the  duodenal  contents  may  be  forced 
bacj:  into  the  stomach.  As  has  already  been  indicated,  the  amount  of  tone 
of  the  pyloric  sphincter  varies  during  digestion. 

The  conception  that  the  pylorus  remains  firmly  contracted  and  opens 
at  inter\-als  not  related  to  the  peristaltic  waves  is,  as  has  already  been 
stated,  contrary  to  the  conditions  observed.  Nor  does  the  theory  that  the 
pylorus  is  firmly  closed  and  opens  just  before  each  wave  reaches  it  to 
permit  the  passage  of  chyme,  and  then  directly  closes  again,  accord 
with  the  phenomena  seen.  Further,  there  are  many  experimental 
obser\'ations  that  would  tend  to  confirm  the  view  I  have  just  outlined. 

Among  these  may  first  be  mentioned  the  work  of  Boldyreff.*^ 
Pawlow  *^  showed  that  the  strength  of  the  gastric  juice  as  secreted  by 
the  glands  varied  from  0.35  to  0.5  per  cent,  hydrochloric  acid  solution. 
Innumerable  observations  have  confirmed  these  findings,  which  are,  of 
course,  much  higher  than  those  of  the  acidity  of  the  gastric  juice, 
which  ranges  between  0.15  and  0.2  per  cent,  hydrochloric  acid  solution. 
How  is  the  reduction  in  acidity  eft'ected  ?  That  other  factors  than  dilu- 
tion by  the  food  or  combination  with  the  ]:)rotein  also  were  at  work 
was  shown  when  a  solution  of  0.5  per  cent,  hydrochloric  acid  was 
placed  in  the  stomach  through  a  fistula  and  found  after  a  time  to  be 
reduced  to  an  acidity  of  from  0.15  to  0.2  per  cent,  hydrochloric  acid 
solution.  Evidently,  some  of  the  alkaline  fluids  of  the  organism  had 
accomplished  that.  Those  that  may  have  brought  about  this  result  were 
the  saliva,  the  bile,  the  intestinal  juice,  the  pancreatic  juice,  and  an 
alkaline  secretion  from  the  stomach  itself.  BoldyrefT  excluded  each  of 
these  in  turn.  He  then  found  that  the  one  secretion  that  was  indispensa- 
ble to  proper  neutralization  was  the  pancreatic  juice.  And  he  concluded 
that  the  regurgitation  of  the  latter  by  retrograde  peristalsis  brought 
about  the  foregoing  result. 

Boldyreff's  conclusion,  namely,  the  regurgitation  of  pancreatic  juice 
and  incidentally  of  bile  into  the  stomach  as  a  normal  occurrence  of 
digestion  when  the  neutralization  of  acid  is  necessary,  has  been  confirmed 
and  accepted  by  many  representative  workers.     Among  them  may  be 
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mentioned  the  following:  Hicks  and  \'islier  *'  m  *._aii-  .k-  i.tnoiatury. 
using  bile  as  an  indicator  of  intestinal  regurgitation  (although  pancreatic 
juice  may  be  regurgitated  without  bile),  found  that  bile  was  present  in 
the  stomach  in  from  30  to  40  per  cent,  of  the  cases.  Spencer,  Meyer, 
Rehfuss  and  Havvk,^^  working  w-ith  men  who  had  swallowed  a  Rehfuss 
tube,  found  that  if  0.5  per  cent,  hydrochloric  acid  solution  was  introduced 
into  the  stomach  and  samples  aspirated  through  the  tube  ever\-  twenty 
minutes,  the  acidity  was  rapidly  reduced,  and  that  as  it  went  down  the 
tryptic  values  increased.  After  water  was  given  by  nunith,  trypsin  was 
found  to  be  present  in  all  aspirated  specimens  and  nearly  all  contained 
bile.  After  a  small  Ewald  meal  trypsin  was  nearly  always  found  to  be 
present.  They  concluded  that  regurgitation  of  the  duodenal  contents 
into  the  stomach  is  a  response  to  irritation  of  the  duodenum  and  part  of 
an  attempt  to  render  harmless  substances  that  would  have,  an  injurious 
effect  on  the  small  intestine.  They  believe  that  this  phenomenon  is  a 
constant  accompaniment  of  gastric  digestion.  Deutsch  and  Riirup  ** 
recently  came  to  similar  conclusions  from  their  studies  on  forty  jieople. 
Gross  ■"'  studied  a  boy  in  whom  there  was  an  esophageal  tistula  prevent- 
ing all  saliva  from  reaching  the  stomach.  The  boy  was  fed  through  a 
gastrostomy.  Pancreatic  ferment  could  be  demonstrated  in  the  stomach 
at  the  height  of  digestion,  indicating,  of  course,  pancreatic  regurgitation. 
Morse  "°  reached  similar  conclusions  with  animal  experiments. 

We  may  then  say  with  some  certainty  that  duodenal  regurgitation  is 
a  common  occurrence  during  digestion.  If  now  the  pylorus  remains 
tightly  contracted,  and  opens  only  just  before  the  antral  wave  reaches 
it,  it  is  difficult  to  see  how  any  regurgitation  could  occur.  For  it  would 
have  to  take  place  against  the  stream  of  chyme  and  at  a  time  when  the 
pressure  in  the  antrum  was  at  its  highest.  If  on  the  other  hand,  pyloric 
tone  is  moderate  or  low,  retrograde  peristalsis  or  some  other  form  of 
pressure  in  the  duodenum  could  easily  force  over  some  of  the  duodenal 
ferments.  This  would  most  likely  occur  when  the  i)ressure  on  the  gastric 
side  was  relatively  low,  that  is,  either  when  peristalsis  was  for  a  time  in 
abeyance  or  when  the  peristaltic  wave  was  quite  distant  from  the  pylorus. 
The  firm  closure  of  the  pylorus  occurs,  as  was  stated,  at  the  termination 
of  the  gastric  wave. 

We  shall  next  consider  the  work  of  Cole.*  It  seems  hardly  to  have 
received  the  attention  due  it.    He  took  serial  roentgenograms  of  a  large 
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number  of  persons  at  short  intervals  which  placed  side  by  side  make 
almost  a  moving-picture  of  the  stomach  in  action.  His  description  of  the 
gastric  peristalsis  has  been  outlined  above.  What  concerns  us  here  is 
that  his  pictures  show  that  for  seven  tenths  of  the  gastric  cycle  the 
pvlorus  is  open  and  chyme  is  being  expelled  through  it.  For  the  remain- 
ing three  tenths  the  pylorus  is  shut.  He  found,  too,  that  the  tone  of  the 
pvloric  sphincter  was  greatest  during  the  earliest  part  of  digestion  and 
grew  progressively  less  to  the  end.  The  figures  mentioned  in  my  experi- 
ments, namely,  that  the  pylorus  was  relaxed  for  about  three  fourths  of 
the  gastric  cycle,  agree  very  closely  with  those  of  Cole.  Evidently  dur- 
ing digestion,  when  the  peristaltic  waves  are  coursing  over  the  stomach, 
the  ]nlorus  is  open  more  of  the  time  than  it  is  shut. 

Another  group  of  experiments  that  may  be  mentioned  are  those  of 
W'heelon  and  Thomas.^®  Through  an  incision  in  the  stomach  they 
inserted  a  small  specially  constructed  balloon  into  the  pylorus.  They 
used  three  types.  In  two  of  these  the  pyloric  lumen  was  totally  occluded, 
while  in  the  third  a  central  channel  through  the  balloon  permitted  the 
passage  of  material  from  the  stomach  into  the  intestine.  The  contractions 
of  the  pylorus  transmitted  by  these  "pylorographs"  were  recorded  on  a 
drum.  They  found,  after  any  initial  disturbances  due  to  handling  had 
subsided,  that  there  were  regularly  recurrent  waves  of  contraction,  relax- 
ation and  quiescence.  In  one  case  a  roentgenogram  was  taken  at  the 
height  of  contraction  and  showed  that  at  that  time  the  pylorus  was  tightly 
contracted.  Evidently  then  the  summit  of  each  wave  is  synchronous  with 
pyloric  contraction  and  closure.  The  time  consumed  by  the  contraction 
averaged  from  four  to  five  seconds,  the  relaxation  from  three  to  seven 
seconds,  and  the  quiescent  period  ranged  from  five  to  eight  seconds. 
This  makes  the  duration  of  a  cycle  from  twelve  to  twenty  seconds.  If 
we  remember  that  the  period  of  contraction  was  from  four  to  five 
seconds,  this  means  from  one  third  to  one  fourth  of  the  cycle  and  would 
agree  with  the  figures  quoted  above.  Other  exceedingly  interesting 
observations  are  that  the  normal  tonicity  is  only  sufficient  to  close  the 
sphincter  or  to  approximate  its  surfaces  against  those  of  a  body  in  the 
lumen.  If  that  is  so  it  is  very  logical  to  assume  that  any  marked  increase 
of  pressure  on  either  side,  such  as  occurs  w-ith  an  advancing  peristaltic 
wave,  will  be  sufficient  to  overcome  that  tone  and  to  permit  the  passage 
of  fluid  contents.  The  size  of  the  diaphragm-like  opening  in  the  pylorus 
will  depend  on  the  relation  between  the  amount  of  pressure  in  the 
antrum  and  the  amount  of  tone  in  the  pylorus.  And  the  time  of  opening 
also  will  vary  with  the  relative  pressure,  so  that  with  a  relatively  higher 
tone  in  the  pylorus  the  moment  that  the  pylorus  gives  way  will  be  at 
a  later  time  in  the  gastric  cycle.  In  that  case  the  open  state  would  be 
for  a  shorter  length  of  time.     In  spite  of  this,  it  would  appear  from  the 
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observations  first  mentioned  and  from  the  rest  of  the  evidence  that  has 
been  detailed  that  during  periods  of  peristalsis  the  jniorus  is  open  for  a 
longer  interval  than  it  is  closed. 

One  further  set  of  observations  remains  to  be  mentioned.  They  are 
those  of  Luckhardt,  Phillips  and  Carlson.^  They  performed  a  duodenos- 
tomy  and  a  gastrostomy  on  their  dogs.  They  introduced  a  balloon  con- 
nected to  a  recording  apparatus  into  the  stomach.  Either  water,  an 
acidified  starch  paste  or  a  milk  peptone  mixture  also  was  put  into  the 
stomach.  A  tube  was  then  passed  into  the  duodenostomy  opening  so 
that  its  opening  was  close  to  the  pylorus.  As  each  drop  issued  from  the 
tube,  it  was  registered  under  the  tracing  of  the  baWoon  by  a  signal 
magnet.  These  tracings  showed  that  "the  drops  issued  most  abundantly 
when  the  constricting  ring  had  reached  the  pylorus."  But  the  authors 
do  not,  it  appears  to  me,  emphasize  sufficiently  that  this  was  not  the  only 
time  that  drops  emerged.  Their  tracings  show  that  as  the  pressure  was 
rising,  that  is,  as  the  wave  was  approaching  the  pylorus,  there  also  was 
a  discharge  of  drops.  In  other  words,  the  pylorus  must  have  been  open 
not  only  when  the  constricting  ring  was  close  to  the  pylorus,  but  also 
during  part  of  the  time  it  was  traveling  through  the  antrum.  They 
further  show  that  gastric  contents  may  pass  out  through  the  pylorus  in 
the  absence  of  gastric  peristalsis,  and  owing  to  a  general  increase  in 
tonic  activity  of  the  musculature  as  a  whole.  This  is  in  entire  accord  with 
the  conception  I  have  postulated,  and  probably  occurs  at  a  time  when 
the  pyloric  tone  is  low. 

A  possible  objection  that  may  be  advanced  is  that  this  patency  is  not 
more  evident  under  fluoroscopic  examination,  I  am  sure  that  careful 
examinations  of  roentgenograms  will  very  frequently  show  the  patency 
of  the  pvlorus  in  the  presence  of  an  advancing  i)eristaltic  wave  in  the 
antrum.  And  where  no  shadow  is  seen  at  the  site  of  the  pylorus,  one 
cannot  say  that  the  lumen  is  closed.    I  quote  from  Schlesinger."'* 

It  may  be  very  difficult  to  determine  wliether  the  pylorus  is  open  or  closed. 
The  observations  are  made  difficult  because  of  the  fact  that  at  times  only 
small  amounts  are  expressed  which  do  not  cast  a  visible  shadow,  or  the  material 
expressed  may  be  so  completely  mi.xed  with  sul)stances  that  permit  the  roentgen 
rays  to  pass  through,  that  even  with  more  profuse  emptying  no  visililc  shadow 
arises.     The  pylorus  then  appears  to  be  closed  when  in  reality  it  is  open. 

In  view  of  these  facts,  we  can  see  that  the  problem  which  confronts 
us  is  not  so  much  a  study  of  the  factors  that  are  responsible  for  the 
opening  and  closing  of  the  pylorus  as  a  study  of  the  phenomena  that 
influence  the  gastric  emptying  time.     If  pressed   for  an  answer  to  the 

47.  Schlesinger,  E. :  Die  Roentgendiagnostik  der  Magen  und  Darmkrank- 
heiten.  Ed.  2,  Berlin.   V>22,  p.  80. 
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Jirst  question  alone,  we  would  have  to  say  that  the  pylorus  is  ojiened  hy 
the  increased  pressure  of  the  antrinn  transmitted  to  the  sphincter  by  its 
Huid  contents,  and  that  the  pylorus  may  be  closed  in  two  ways :  first, 
by  the  approximation  of  its  walls  by  the  tone  of  the  sphincter  (which, 
t-'f  course  varies  in  amount)  if  at  the  time  the  pressure  on  either  side 
is  insufficient  to  overcome  this  lone.  and.  second,  by  the  firm  contraction 
that  occurs  when  the  peristaltic  wave  reaches  the  pylorus. 

But  since  the  problem  seems  to  be  one  largely  of  pressure  relations, 
we  cannot  wholly  dissociate,  the  behavior  of  the  pylorus  from  gastric 
peristalsis  and  tone.  Given  the  same  degree  of  resistance  (that  is,  the 
tone  of  the  pyloric  sphincter)  and  a  strong  propulsive  force  (that  is, 
the  tone  of  the  stomach  and  the  rate  and  strength  of  the  gastric 
peristalsis),  we  will  have  much  more  rapid  emptying  than  widi  the  same 
resistance  and  a  weak  propulsive  force.  The  total  absence  of  resistance 
1  a  wide  open  pylorus)  will  not  aid  the  emptying  unless  the  propulsive 
force  is  adequate.  On  the  other  hand,  the  most  vigorous  peristaltic 
waves  will  have  great  difficulty  in  overcoming  a  firm  pylorospasm.  But 
under  the  usual  conditions  of  digestion,  the  resistance  (that  is,  the  tone 
of  the  sphincter)  is  merely  sufficient  to  allow  with  the  increase  of 
pressure  in  the  antrum  the  passage  of  a  narrow  stream  of  fluid  chyme 
into  the  intestine,  be  the  reaction  of  this  chyme  wdiat  it  may  within  normal 
(nonirritating)  limits.  The  tone  of  the  pylorus  exists  for  that  purpose. 
Normally  it  only  accomplishes  the  closure  of  the  sphincter  when  the 
pressure  on  the  antral  or  duodenal  side  is  insufficient  to  overcome  it. 
The  decisive  closure  in  the  regular  cycle  of  digestion  is  effected  when 
the  peristaltic  wave  has  reached  the  pylorus.  That  closure  prevents  the 
backward  passage  of  fluid  contents  from  the  distended  duodenal  cap. 
Studies  on  the  pylorus  must  distinguish  between  the  effects  due  to 
each  of  these  two  distinct  phases :  first,  the  tone  of  the  sphincter,  and 
second,  the  gastric  cycle  consisting  of  the  peristaltic  wave  and  its  culmi- 
nation at  the  pylorus,  producing  the  closure  of  that  sphincter.  This  con- 
ception is  not  open  to  the  objections  advanced  against  the  other  theories, 
and    it    is   consistent    with    the    known    facts    of    gastric    motility    and 

CONCLUSIONS 

1.  Acidity  on  the  gastric  or  duodenal  side  of  the  ])y]orus  does  not 
normally  control  the  activity  of  that  sphincter. 

2.  Fluidity  of  the  chyme  in  the  antrum  is  the  factor  of  i)rime  impor- 
tance for  its  expression, 

3.  Solid  bodies  which  by  chance  get  into  the  antrum  are  carried  back 
into  the  body  by  retrograde  peristalsis. 

4.  Each  advancing  peristaltic  wave  overcomes  the  tone  of  the  i)3]orus 
and  forces  some  of  the  chyme  into  the  duodenum,  regardless  of  whether 
the  reaction  of  the  chvme  is  neutral,  acid  or  alkaline. 
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5.  The  period  of  expression  of  the  chyme  (hiring  which  the  pylorus 
is  open  occupies  a  greater  part  of  the  gastric  cycle  than  the  period  in 
which  it  is  closed ;  in  other  words,  the  pylorus  is  open  for  a  longer  time 
than  it  is  closed. 

6.  The  pyloric  tone  normally  only  keeps  the  sphincter  closed  when 
the  pressure  on  either  side  is  insufficient  to  overcome  it.  This  is  one 
type  of  pyloric  closure.  It  is  overcome,  on  the  one  hand,  by  each 
advancing  gastric  wave,  and  on  the  other,  may  be  overcome  by  retrograde 
peristalsis  in  the  duodenum  resulting  in  intestinal  regurgitation. 

7.  Firm  decisive  closure  of  the  pylorus  occurs  at  the  termination  of 
each  peristaltic  wave  when  the  latter  has  reached  the  sphincter  and 
after  it  has  forced  the  chyme  into  the  duodenum.  It  eflfectually  pre- 
vents any  regurgitation.  The  latter  closure  always  occupies  the  same 
proportion  of  time  in  the  gastric  cycle. 

8.  Studies  on  the  pylorus  should  differentiate  between  these  two  tvpes 
of  closure. 
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There  is  a  growing  tendency  on  the  part  of  cUnicians  to  beheve  that 
many  obscure  and  indefinite  symptoms  are  due  to  the  absorption  of 
toxins  from  the  intestinal  tract.  It  is  on  diis  hypothesis  that  h'igh 
colonic  irrigations,  bacterial  implantations,  etc.,  have  been  recommended 
in  certain  diseases,  in  addition,  some  of  the  more  serious  conditions, 
such  as  pernicious  anemia,  have  been  attributed  to  intestinal  intoxication. 
Though  the  belief  that  these  hypothetical  toxins  are  produced  in  the 
intestinal  tract  lias  been  prevalent  for  years,  little  direct  evidence  has 
been  brought  forward  to  support  the  idea.  It  was  in  the  hope  that  we 
might  learn  something  more  dehnite  that  the  following  experiments 
were  conducted. 

Since  the  symptoms  and  diseases  that  have  been  attributeti  lu  the 
absorption  of  toxins  from  the  intestinal  tract  are  cliaracterized  by  their 
chronicity,  we  produced  and  studied  experimental  lesions  existing  for  a 
prolonged  period.  In  our  first  study  ^  we  endeavored  to  confirm  the 
observations  of  Pawlow  and  his  co-workers,-  Fischler  ^  and  others,  that 
dogs  with  Eck  fistulas,  kept  on  an  exclusive  meat  diet,  developed 
symptoms  of  intoxication.  However,  in  a  series  of  dogs  with  Eck 
fistulas  which  we  kept  on  a  similar  diet,  no  such  symptoms  were 
observed.  It  was  concluded  from  these  experiments  that  tiie  occurrence 
of  symptoms  was  too  irregular  for  systematic  study.  In  addition,  the 
liver  function  of  these  dogs  was  tested  according  to  the  dye  method 
described  bv  Rosenthal.'    Our  results  indicatcfl  tlint  there  was  no  impair- 
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inent  in  ihe  ability  ut  the  li\ci"  lo  ienu)\c  ihc  disLKliuin  salt  ol  pliciiol- 
tetrachlorphthalt'in  fixun  the  blood  sireani.  although  the  li\ci-  showed 
the  characteristic  atrophic  and  latt\  changes  that  occin-  following  the 
establishment  of  an  Eck  fistula.  Subsequently,  Mann  and  BoUnian  •' 
demonstrated  that  even  large  sections  of  a  liver  in  which  an  Eck  listula 
had  been  established  were  resected,  the  eliminatii)n  of  the  tlye  remained 
within  relatively  normal  limits. 

The  present  series  of  experinicnis  includes  a  stud}-  of  the  eltects  of 
prolonged  stasis  in  the  duodenum,  a  part  of  the  intestinal  tract  that  is 
characterized  nonnally  by  its  rapid  motility  and  relative  freedom  from 
bacteria.  The  first  two  papers  of  this  series  deal  with  the  technic, 
physiolog}-  and  bacteriology  of  experimental  chronic  duodenal 
obstruction. 

During  the  last  few  years,  numerous  clinical  observations  have  been 
made  concerning  the  relationship  between  duodenal  stasis  and  systemic 
disease.  A  clinical  syndrome  due  to  chronic  duodenal  ileus  has  been 
described,  and  relief  of  symptoms  has  been  obtained  by  releasing  the 
mechanical  obstruction.''  -\  marked  increase  in  the  bacterial  content 
of  the  duodenum  has  been  noted  in  cases  of  pernicious  anemia,  inflam- 
matory diseases  of  the  biliary  tract  and  various  gastric  disturbances." 
Chronic  intestinal  obstruction  has  been  found  to  coexist  with  some  cases 
of  pernicious  anemia.  An  important  role  in  the  genesis  of  this  disease 
has  been  ascribed  to  the  absorption  of  hematoxins  from  the  intestine 
associated  with  a  marked  increase  in  the  number  of  bacteria  of  the  small 
intestine.®  Brown  and  his  co-workers  °  have  described  a  toxic  nephritis 
associated  with  "duodenal  toxemia." 

Xothing  has  appeared  in  the  literature  concerning  the  experimental 
production  of  chronic  duodenal  obstruction,  except,  the  work  of 
Koennecke  and  Mever.^"    These  authors  believed  that  chronic  duodenal 
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ileus  in  man  was  clue  to  mechanical  pressure  at  the  duodenojejunal 
flexure,  and  reproduced  the  condition  in  dogs  by  narrowing  the  lumen 
of  the  duodenum  with  a  free,  narrow  strip  of  fascia.  They  hxed  the 
duodenum  to  the  costal  arch  at  the  site  of  the  obstruction. 

In  order  to  produce  conditions  that  were  favorable  for  the  study  of 
the  effects  of  prolonged  duodenal  stasis  in  dogs,  a  method  was  employed 
which  we  subsequently  learned  was  similar  to  that  adopted  by 
Koennecke  and  Meyer  in  their  work.  We  believe,  however,  that  our 
method  has  the  following  advantages :  By  the  use  of  a  wide  fascial  flap 
attached  by  a  broad  pedicle  to  the  posterior  sheath  of  the  rectus  muscle, 
instead  of  a  free,  narrow,  fascial  strip,  the  blood  supply  of  the  obstruct- 
ing band  is  insured ;  the  obstruction  lasts  longer,  and  the  danger  of  the 
band  cutting  through  the  intestine  is  diminished. 

TFXHNIC 

Under  ether  anesthesia  and  with  strict  asepsis,  a  right  rectus  miiscle-splittinc; 
incision  is  made.  The  posterior  sheath,  including'  the  parietal  peritoneum  is  incised 
close  to  the  midline,  and  a  rectangular  fascial  flap,  ahout  4.5  by  6  cm.,  is  made ; 
usually  some  of  the  transversalis  muscle  is  included.  The  size  of  the  flap  varies 
with  the  diameter  of  the  duodenum.  The  latter  is  mobilized,  and  a  segment  alxiut 
15  cm.  from  the  pylorus  is  chosen  for  the  site  of  the  obstruction,  which  varies  with 
the  length  of  the  duodenum.  An  incision  equal  in  size  to  the  width  of  the  flap 
is  made  in  the  mesentery  close  to  the  attachment  of  the  duodenum.  The  flap  is 
pulled  through  this  opening,  and  five  mattress  sutures  are  introduced  at  the 
margin  and  near  the  base.  The  distance  between  the  two  limbs  of  the  sutures  is 
approximately  one  and  one-half  times  the  diameter  of  the  duodenum.  As  the 
sutures  are  tightened,  a  closed  forceps  is  introduced  l)etween  them  and  the  intestine, 
in  order  to  avoid  interference  with  the  blood  supply.  If  at  a  succeeding  explora- 
tory operation  the  obstruction  is  deemed  inadc(|uate,  the  fascial  band  can  be 
tightened  by  taking  a  reef  in  it,  a  series  of  interrupted  sutures  being  used.  The 
peritoneum  and  fascia  are  closed  by  a  continuous  suture  and  the  skin  by  a  sub- 
cuticular suture.  Silk  is  used  throughout.  For  the  first  few  days  after  the  estab- 
lishment of  the  obstruction,  the  dogs  are  kept  on  a  fluid  diet  after  whicli  they 
are  given  a  liberal  amount  of  cooked  chopped  meat,  bread  and  bone  ash. 

EXPEKI.MEXT.\L     RESULTS 

The  foregoing  method  of  producing  a  chronic  duodenal  obstruction 
in  the  dog  was  successful  in  twelve  of  fifteen  attcmi)ts.  Partial  occlu- 
sion of  the  duodenum  at  the  site  of  the  obstruction,  and  dilatation  and 
hypertrophy  proximal  to  the  obstruction  were  found  at  exploratory 
laparotomy  and  at  atitopsy. 

^While  it  was  difhcult  to  determine  accurately  tlic  amount  of  dilatation 
due  to  changes  in  the  tonus  of  the  duodcntim,  it  was  found  convenient, 
for  tabulation  and  discussion,  to  adopt,  as  a  rough  measure,  the  notation 
given  in  the  accompanying  table. 


The  effects  of  the  partial  obstruction  on  the  segment  of  the  duo- 
denum proximal  to  it  as  shown  in  the  accompanying  table,  varied  in  the 
diff'erent  animals.  At  exploratory  operation,  in  seven  dogs  a  three  or 
four  plus  dilatation  was  found  from  sixty-three  to  one  hundred  and 
twentv-one  days  after  the  establishment  of  the  obstruction;  in  live  dogs, 
a  two  plus  dilatation  w\is  present  in  from  thirty-five  to  one  hundred  and 
nineteen  days. 

Some  of  the  dogs  voniiied  during  the  first  twenty-four  hours  after 
the  operation.  For  the  first  few  days,  they  ate  little  food.  Subsequently, 
none  of  them  exhibited  any  objective  symptoms  except  occasional  vom- 
iting. Seven  dogs  lived  for  periods  varying  from  fifty-nine  to  190  days 
after  the  obstruction  was  established.  Shortly  before  death,  five  devel- 
oped symptoms  of  acute  ileus;  two  were  killed.  Of  the  seven  dogs  in 
this  series,  four  became  emaciated.  The  remaining  five  are  alive,  and 
had  been  under  observation  for  from  174  to  240  days  on  September  15. 
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•  In  the  table,  +  represents  slight  dilatation;  ++,  moderate  dilatation  (less  than  twice 
the  normal  diameter);  +  +  +  ,  marked  dilatation  (about  twice  the  normal  diameter),  and 
^  +  j.  +  ,  extreme  dilatation  (more  than  twice  the  normal  diameter);  T,  fascial  band  tightened 
at  this  or>eratlon. 

The  nutrition  of  these  dogs  remains  unimpaired.  No  abnormalities  of 
the  stools  were  observed.  Complete  autopsy  observations  will  be 
included  in  a  later  report. 

rHYSIOLOGY 

The  fluoroscopic  observations  in  clinical  cases  of  duodenal  obstruc- 
tion have  been  described  by  Jordan,'^  Wheelon,^-  Koennecke  and 
Meyer,*"  Ratkoczi  *'  and  others.  In  general,  they  found  stasis  and 
reverse  motility  in  the  duodenum,  gastric  and  duodenal  hyperperistalsis. 
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pyloric  insufficiency  and  reflux  into  the  stomach.  Ratkoczi's  description  of 
so-called  chronic  "intermittent  stenosis"  of  the  duodenum  contained 
many  features  comparable  to  some  of  our  experimental  observations. 

In  experimental  obstruction  of  the  duodenum,  the  only  reports  of 
fluoroscopic  examinations  that  we  found  recorded  were  those  of 
Koennecke  and  Meyer/''  who  correlated  their  clinical  with  their  experi- 
mental observations.  They  stressed  the  hypermotility  of  the  stomach 
and  duodenum  in  the  presence  of  experimental  stenosis  and  noted  that 
section  of  the  vagus  had  only  a  transitory  eft'ect  on  gastric  tonus  after 
the  obstruction  had  been  established  for  a  prolonged  period.  •  Occasion- 
ally, they  identified  deep  peristaltic  waves  which  originated  in  the 
stomach  and  progressed  over  the  duodenum  in  contrast  to  the  to-and-f  ro 
movements  of  the  duodenimi.  However,  they  did  not  recognize  any 
rhythmic  relation  between  antral,  pyloric  and  duodenal  activity. 

METHOD 

In  order  to  study  the  degree  of  stasis  and  alterations  in  the  peristaltic  activity 
of  the  stomach  and  the  duodenum  in  the  presence  of  a  prolonged  subacute  obstruc- 
tion of  the  latter,  fluoroscopic  examinations  were  made  with  the  aid  of  an  opaque 
meal.  Seven  dogs  were  examined.  Three  separate  series  of  observations  were 
made  on  each  dog,  with  intervals  of  from  one  to  two  weeks  between  each  examina- 
tion. The  obstructions  had  existed  from  115  to  173  days  when  tiie  first  fluoro- 
scopic observations  were  made.  Eight  ounces  of  a  suspension  of  barium  sulphate 
was  given  to  the  dogs  by  stomach  tube.  They  received  no  food  eighteen  hours 
before  the  examination.  Observations  were  made  in  the  following  manner :  imme- 
diately, at  the  end  of  one  hour,  two  hours,  three  and  one-half  hours,  and  five  hours 
(in  only  two  series).  The  fixation  of  the  duodenum  to  tlie  anterior  alMJominal  wall 
facilitated  accurate  study,  and  the  site  of  the  obstruction  was  readily  recognized. 
There  was  no  evidence  of  kinking  below  the  obstruction. 

MOTILITY 

In  the  normal  dog,  fluoroscopic  examinatinn  is  inisatisfactory  fur  the 
observation  of  the  motor  relationship  between  the  duodenum,  pyloric 
sphincter  and  antrum.  However,  in  the  presence  of  an  obstruction  of 
the  duodenimi,  we  found  tiiat  the  accentuation  of  the  contractions  and 
the  delayed  motility  enabled  us  to  distinguish,  simultaneously,  the  activ- 
ity of  each.  We  observed  a  cycle  that  was  suggestive  of  one  described 
by  Wheelon  and  Thomas  ^*  in  the  normal  dog.  but  which  differed  in  cer- 
tain respects. 

As  soon  as  enough  bariinn  had  i>assed  thr<nit,di  the  pylorus,  the 
duodenum  appeared  as  a  long,  sausage-shaped  structiu-e.  limited  above 
by  the  pvloric  sphincter  and  lielow  by  the  obstruction.  The  degree  of 
dilatation  varied  :  in. some  dogs  the  duodenum  was  many  times  its  normal 
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size ;  in  others,  the  dilauition  was  less  pronounced.  N'ariations  also 
occurred  in  the  same  dog  at  diUerent  observations.  These  changes  were 
probably  the  result  of  alterations  ni  tonub ;  because  of  this  it  was  con- 
sidered futile  to  compare  roentgenographic  appearances  with  gross 
dilatation  observed  at  exploration.  However,  there  seemed  to  be  some 
correlation  between  the  latter  and  the  degree  of  stasis.  Ihis  is  dis- 
cussed in  detail  under  the  heading  of  stasis  and  dilatation. 

After  the  tilling  of  the  duodenum,  the  following  cycle  was  observed 
in  SIX  of  the  seven  dogs  that  were  examined :  A  deep  peristaltic  contrac- 
tion appeared  in  the  antrum  and  progressed  toward  the  pylorus ;  some- 
times the  entire  antrum  appeared  to  contract  at  one  time  instead  of  in 
the  form  of  a  peristaltic  wave.  As  the  wave  approached  the  pylorus,  the 
latter  opened  and  barium  passed  through  into  the  duodenum ;  then  the 
pylorus  closed,  and  the  contraction  traversed  the  duodenum,  causing  a 
marked  bulge  in  the  latter  as  it  approached  the  obstruction.  Immedi- 
ately after  this  there  appeared  a  definite  to-and-fro  motion  of  the  mass 
of  barium  in  the  duodenum  (apparently  independent  of  the  antrum),  the 
result  of  deep  contractions  that  traveled  alternately  toward  the  obstruc- 
tion and  then  toward  the  pylorus.  During  reverse  movements,  the  bulb 
was  momentarily  distended,  especially  when  the  sphincter  was  closed. 
At  some  observations,  the  sphincter  was  open,  and  reflux  into  the 
antrum  occurred.  After  four  or  five  of  these  alternating  contractions, 
peristaltic  activity  in  the  antrum  appeared  anew,  and  the  rliythmic  cycle 
was  repeated.  In  the  interval  between  contractions,  the  antrum  a])pcared 
to  be  inactive  and  usually  only  partly  filled  with  1)arium.  Sometimes  it 
was  empty,  possibly  because  of  a  tonic  contraction  of  tlie  so-called 
"sphincter  antri  pylorici"  ''^  or  of  the  antrum  itself.  Similarly,  the  duo- 
denum at  times  did  not  contain  barium ;  this  may  have  l)een  caused  by  a 
tonic  contraction  of  either  the  pyloric  sphincter  or  of  the  duodenum. 
In  such  cases,  the  cycle  could  not  be  distinguished.  In  one  dog,  in  which, 
there  was  apparently  slight  obstruction,  the  cycle  was  not  observed.  It 
will  be  noticed  throughout  the  remainder  of  the  study  that  tliis  dog  was 
practically  normal. 

Sometimes,  when  the  lower  or  middle  portion  f)f  llic  (hiodcnum 
was  tonically  contracted,  the  cycle  crmld  l)o  identified  only  in  the  u])iier 
duodenum  and  bulb.  When  reflux  into  the  antnnn  was  marked,  llie 
duodenum  and  antrum  a])peared  to  be  continuous,  and  it  was  more  diffi- 
cult to  distinguish  the  cycle.  It  seemed  as  though  the  antral  peristaltic 
wave  spent  itself  more  rapidlv  than  usurd,  because  of  increased  resist- 
ance from  irregular  contractions  in  the  fluodenmn.  .At  many  observa- 
tions, the  barium  was  propelled  beyond  the  olistruction  in  jets,  which 
followed  onlv  duodenal  contractions  of  antral  origin.     At  r)ther  times, 
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the  barium  ai^peared  below  the  obstruction  in  a  continuous  thin  stream, 
throughout  the  cycle. 

When  the  antrum  and  duodenum  were  well  outlined,  the  rhythmic 
motor  activity  described  above  was  recognized  with  few  exceptions  at  the 
immediate,  the  one-hour  and  the  two-hour  observations  and  less  often  at 
the  end  of  three  and  one-half  hours.  At  the  live-hour  period,  the 
duodenum  usually  apj^eared  flaccid  and  dilated,  and  was  traversed  by 
feeble,  irregular  contractions.  Occasionally,  moderately  deep  alter- 
nating contractions  persisted.  No  barium  was  observed  passing  the  site 
of  the  obstruction  at  this  time.  This  may  have  been  because  ,of  the  fact 
that  the  amount  propelled  beyond  the  obstruction  was  too  small  to  be 
detected  fluoroscopically. 

The  body  and  fundus  of  the  stomach  were  often  separated  from  the 
antrum  by  a  deep  contraction  band.  The  antrum  maintained  a  regular 
rhythm,  which  seemed  to  be  independent  of  activity  in  the  cardiac  por- 
tion of  the  stomach.  In  the  latter,  peristalsis  appeared  in  the  form  of 
"ripples,"  although  occasionally,  when  the  waves  were  sufficiently  deep, 
they  were  observed  traversing  the  antrum.  As  a  rule,  however,  they 
were  too  shallow  for  any  relationship  between  them  and  the  antral  con- 
tractions to  be  disclosed  fluoroscopically. 

COMMENT 

According  to  \\  heelon  and  Thomas,^*  a  rhythmic  cycle  tliat  follows 
the  *'law  of  the  intestine"  ^"^  exists  between  the  antrum,  pyloric  sphincter 
and  the  duodenum.  In  the  normal  dog,  as  soon  as  the  antral  ])eristaltic 
wave  has  reached  the  sphincter,  the  antrum  begins  to  relax  and  remains 
relaxed  during  the  sphincteric  and  duodenal  contractions.  The  cycle  ter- 
minates with  the  reappearance  of  an  antral  contraction.  Similarly,  in 
chronic  duodenal  obstruction  there  was  a  positive  and  negative  phase  of 
antral  activity.  Immediately  after  the  wave  of  contraction  passed  from 
the  antrum  to  the  sphincter  and  duodenum,  the  antrum  relaxed  and 
remained  inactive  during  four  or  five  independent  secondary  contrac- 
tions in  the  duodenum.  The  cycle  ended  with  the  reappearance  of  an 
antral  contraction.  However,  the  duodenum  appeared  to  contract  con- 
tinuously without  a  phase  of  relaxation  which  corresponded  to  that  of 
the  antrum.  In  the  latter,  the  negative  phase  seemed  to  be  prolonged 
and  the  rate  of  rhythmic  contraction  slow. 

The  accentuated  contractitins  and  the  reverse  motilit}-  "f  the 
duodenum  were  due.  probably,  to  changes  in  tonus  associated  with  the 
dilatation  and  to  abnormal  stimuli  arising  at  the  obstruction.  The  irreg- 
ular activitv  nf  the  duodenum  represented  cither  exaggerated  segmental 
contractions  ^^  or  independent  peristaltic  and  retroperistaltic  waves.    The 
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delaved  motility,  especially  at  the  live-hour  observation,  may  be 
explained  by  alterations  in  the  "gradient, '"  as  described  by  Alvarez/'      • 

The  tonicity  of  the  pyloric  sphincter  varied  during  the  phase  of  inde- 
pendent duodenal  activity.  At  some  observations,  it  appeared  con- 
tracted ;  at  others,  it  allowed  reflux  into  the  antrum.  Tlic  activity  of  the 
sphincter  can  be  modified  by  duodenal  moiiliiy  during  the  negative  phase 
of  the  antrum.'^  The  prolonged  reverse  motility  of  the  obstructed 
duodenum  probably  induced  marked  alterations  in  the  pyloric  sphincter, 
which,  however,  were  not  recognized  by  the  fluoroscope. 

The  site  of  origin  of  the  antral  peristaltic  contraction,  which  appeared 
to  be  independent  of  activity  in  the  fundus  and  body  of  the  stomach. 
requires  finer  methods  of  study  for  a  more  accurate  interpretation. 
Recentlv,  Klein  ^®  found  that,  normally,  antral  contradictions  may 
originate  either  at  a  nodal  center  near  the  cardia,  along  the  lesser 
curvature  of  the  stomach,  or  independently,  at  a  separate  nodal  center 
at  the  reentrant  angle. 

STASIS 

In  all  of  the  dogs,  there  was  a  delay  in  the  passage  of  the  barium 
through  the  duodenum  proximal  to  the  site  of  the  obstrtiction.  The 
emptying  time  and  the  amount  of  residue  varied.  In  four  dogs,  there 
was  a  persistent  residue  at  the  end  of  five  hours ;  in  two  dogs,  the 
duodenum  was  filled  wiili  l)arium  at  one  five-hour  observation,  but  was 
emptv  at  another.  In  one  dog,  the  duodenum  was  always  empty  at  the 
one-hour  observation.  This  dog  was  referred  to  earlier  as  having  prac- 
tically no  delay  in  motility. 

More  pronounced  variations  occurred  in  the  emptying  time  of  the 
stomach.  However,  marked  irregularities  also  exist  normally.  At  one 
observation  of  a  normal,  fasting  dog,  the  stomach  was  empty  at  the  end 
of  one  hour ;  at  another  observation  of  the  same  dog,  a  gastric  residue 
was  still  present  at  the  end  of  three  hours.  Wheelon  and  Thomas  " 
noted  similar  variations  in  the  dog  and  in  man.  Bloomfield  and 
Keefer.^®  emploving  a  difTcrent  method,  recently  reported  wide  diflFer- 
ences  in  the  motility  of  the  normal  stomach  in  man. 

Tn  chronic  duodenal  obstnictinn,  tlie  stomacli  ahvavs  contained 
barium  at  the  one-hour  observation,  except  in  the  dog  in  which  the 
obstruction  apparently  had  little  efifert.  Tn  one  series,  fom"  dogs  had 
five-hour  gastric   residues.      Tn   another   series   none   rif   the   dogs   had 
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residues  at  the  end  of  live  huurs.    It  was  interesting  to  note  that,  in  the 
latter  series,  six  dogs  had  marked  stasis  in  the  duodenum. 

The  pylorus  usually  allowed  the  passage  of  barium  from  the  stomach 
to  the  duodenum  at  the  immediate  observation.  Sometimes  from  hve  to 
fifteen  minutes  elapsed  before  any  barium  appeared  in  the  duodenum.  At 
the  obstruction,  after  a  short  delay,  barium  usually  began  to  enter  the 
distal  duodenum  and  the  upper  jejunum  in  varying  amounts.  However, 
in  two  dogs  there  was  a  marked  delay  of  one-half  hour  and  two  hours, 
respectively.  The  latter  dog  developed  symptoms  of  acute  ileus  the  day 
after  this  observation.  At  the  five-hour  observation,  except  for  the 
duodenal  and  gastric  residues  noted,  the  barium  was  in  the  large 
intestine  and  occasionally  in  the  lower  ileum  also. 

In  one  dog,  the. outline  of  a  large  oval  mass  was  observed  in  tiie  greatly 
dilated  duodenum  just  above  the  site  of  the  obstruction.  It  was  in  the 
same  situation  at  the  three  series  of  observations.  However,  it  did  not 
obstruct  the  lumen  of  the  duodenum  completely,  the  barium  passing 
around  it  in  a  thin  film.  The  mass  was  probably  a  large  hair  ball  (a 
similar  one  was  found  in  the  dilated  duodenum  of  another  dog  that  came 
to  autopsy).  This  dog  is  in  excellent  condition  and  has  evidenced  no 
obstructive  symptoms  up  to  the  present  time. 

STASIS     AND     DILATATION 

In  spite  of  the  fact  that  the  fluoroscopic  examinations  were  started 
from  forty-two  to  sixty-four  days  after  the  last  exploratory  operation, 
the  notes  made  at  the  explorations  concerning  the  degree  of  dilatation 
of  the  duodenum  coincided  well  w'th  the  degree  of  stasis  observed 
roentgenologically.  In  five  dogs,  in  which  a  marked  dilatation  of  the 
duodenum  (three  or  four  plus)  had  been  noted,  a  corresponding  five-hour 
residue  existed.  In  one  dog,  although  only  a  moderate  dilatation  (two 
plus)  had  been  observed,  barium  was  still  present  in  the  duodenum  at 
the  end  of  five  hours.  This  was  the  dog  that  had  tlie  mass  in  the 
duodenum  described  above;  the  added  obstruction  proliablv  developed 
after  the  last  exploratory  investigation.  In  the  other  dog  in  which  only 
a  moderate  dilatation  had  been  observed  (two  plus),  the  duodenum  was 
empty  at  the  end  of  one  hour. 

Too  much  emphasis  must  not  be  placed  on  sucli  oliservatioiis.  how- 
ever, because  the  degree  of  stasis  varies  and  is  determinecj  l>y  luany  other 
factors  besides  the  mere  gross  dilatation  of  the  duotlenum  ;  the  degree  of 
the  obstruction,  the  amount  of  compensatory  hypertroi)iiy  and  tonus  of  the 
duodenal  musculature,  the  tonus  of  the  pyloric  sphincter,  gastric  motility, 
psychic  factors,  and  the  character  of  the  food  nuist  all  be  consiflered. 
It  is  unfortunate  that  earlier  fluoroscopic  examinations  were  not  made 
for  comparative  studies.  Koennecke  and  Meyer  ^"  noted  a  five-hour 
residue  in  the  duodenum  of  a  dog  in  which  the  olistrnction  had  existed 
five  weeks. 
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COMMENT 

It  IS  interesting  to  note  that,  despite  active  reverse  motility  in  the 
duodenum,  often  with  an  open  pylorus,  vomiting  occurred  only  twice 
during  the  fluoroscopic  examinations,  and  infrequently  during  the  entire 
period  of  observation.  The  symptoms  associated  with  retention  and 
reverse  motility  in  the  duodenum  have  been  discussed  from  a  clinical 
point  of  view  by  Wheelon  -'^  and  others.  In  a  series  of  seventy-four 
cases  reported  by  Wheelon,  only  eight  presented  a  history  of  vomiting. 
Clinically,  chronic  duodenal  ileus  is  characterized  by  many  subjective 
symptoms  such  as  headache,  dizziness,  nausea,  "biliousness,"  and  a  sense 
of  fulness  in  the  epigastrium. 

However,  since  such  subjective  symptoms  cannot  be  elicited  experi- 
mentally, it  is  impossible  to  draw  any  analogies.  None  of  the  dogs 
developed  the  objective  nervous  symptoms  usually  associated  with 
intoxication. 

In  view  of  the  marked  alterations  in  the  duodenum  associated  witii 
chronic  obstruction,  the  possible  relationship  of  such  changes  to  infec- 
tions of  the  biliary  tract  and  alterations  in  the  regulation  of  the  flow  of 
bile  must  be  considered.  Carlson,'^  Burget '-  and  Kodama  ^^  have 
emphasized  the  possible  importance  of  the  tonus  of  the  duodenal  mus- 
culature in  the  closure  of  the  ampullar  end  of  the  common  duct.  Pre- 
liminary studies  of  the  dogs  of  this  series  indicate  that  the  gallbladder 
bile  in  more  than  50  per  cent  contained  large  numbers  of  organisms  of 
intestinal  origin. 

CONCLUSIONS 

1.  A  simple  method  of  producing  chronic  duodenal  (tl)Strnctinn  in 
the  dog  is  described. 

2.  Dilatation  and  liypertrophy  of  the  duodenum  developed  above  the 
obstruction. 

3.  Fluoroscopic  examinations  confirmed  the  existence  of  prolonged 
duodenal  stasis. 

4.  Alterations  in  the  contractions  of  the  antrum,  the  pyloric  sphincter 
and  the  duodenum  riccurred,  and  a  rhythmic  cycle  between  the  three  was 
observed. 

5.  Except  for  emaciatir)n  in  some  r)f  the  dogs  and  occasional  vomit- 
ing, there  were  no  symptoms  of  intoxication. 
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EXPERIMENTAL    CHRONIC    DUODENAL    OBSTRUCTION 

II.     BACTERIOLOGY  * 

FRANK    L.     MELENEY,     M.D. 
BENJAMIN     N.     BERG,     M.D. 

AND 
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NEW     YORK 

In  the  search  for  a  possible  origin  of  some  of  the  chronic  and  sub- 
acute illnesses  of  men  in  which  there  seems  to  be  clinical  evidence  of  a 
low  grade  intoxication,  attention  has  recently  been  focused  on  the 
gastro-intestinal  tract.  In  a  previous  paper,  two  of  us  with  Cone  ^ 
reported  the  failure  to  obtain  evidence  of  absorption  of  toxic  sub- 
stances from  the  normal  intestine  in  dogs  that  had  Eck  fistulas 
and  that  were  kept  on  a  meat  diet.  We  were  then  led  to  study  the  effect 
after  a  partial  obstruction  of  the  intestine.  It  became  evident  at  once 
that  it  would  be  necessary,  before  going  further,  to  study  the  altered 
anatomy  and  physiology  as  well  as  the  changes  in  the  bacterial  content 
of  the  intestine  resulting  from  this  procedure.  In  the  paper  immediately 
preceding  this,^  we  have  endeavored  to  indicate  certain  of  tiie  anatomic 
and  physiologic  alterations.  In  the  present  paper  we  shall  present  our 
observations  with  regard  to  the  bacteriologic  changes. 

HISTORICAL 

Ever  since  Billroth  ^  made  the  observation  that  the  meconium  of 
new-born  babes  was  free  from  bacteria,  and  that  micro-organisms  made 
their  appearance  in  the  first  yellow  stools,  bacteriologists  and  clinicians 
have  been  interested  in  the  bacterial  content  of  the  intestine.  Their 
interest  has  led  to  extensive  researches  to  determine,  if  possible,  the  sig- 
nificance of  the  countless  organisms  which  grow  in  the  alimentary  canal 
of  animals  and  man.     Their  behavior  during  the  normal   physiologic 
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function  of  the  digestive  tract  is  dotibtless  the  outcome  of  age-long 
mutual  adaptation  which  has  resulted  in  the  establishment  of  a  relative 
equilibrium.  The  host  survives  with  comparatively  little  evidence  of 
injury  to  itself,  and  the  bacteria  maintain  their  species  with  restively 
unimportant  variation  in  numbers.  Studies  of  this  so-called  normal 
relationship  are  interesting,  but  the  disease  phenomena  which  result  from 
the  invasion  of  the  body  by  these  bacteria  after  injuries  to  or  the  absorp- 
tion of  their  products  following  altered  physiologic  processes  of  the 
alimentary  canal  makes  fascinating  problems  for  research. 

Surgeons  observed  long  ago  that  wounds  of  the  stomach  and  upper 
intestine  were  not  always  followed  by  peritonitis  as  were  wounds  of  the 
lower  intestine.  They  found  that  operations  in  the  upper  regions  could 
be  performed  with  impunity,  while  sections  of  the  lower  portions  were 
attended  with  grave  risk  of  death.  On  the  other  hand,  occlusions  of 
the  intestine  produced  profound  symptoms  of  intoxication  which  were 
greater  and  more  rapidly  fatal  when  they  were  in  the  upper  levels  than 
when  they  were  lower  down.  Gushing  and  Livingood,*  were  stimulated 
by  the  former  observations  to  attempt  a  study  of  the  bacteria  from  the 
human  stomach,  duodenum  and  jejunum,  taking  specimens  as  oppor- 
tunity afforded  at  the  time  of  or  after  operations  on  the  alimentary  canal 
and  from  fecal  fistulas,  for  the  most  part  in  pathologic  conditions.  They 
also  studied  the  intestinal  fluid  at  various  levels  in  rabbits  and  dogs. 
Old  as  it  is,  their  work  has  many  points  of  interest  in  the  present  discus- 
sion, and  reference  to  it  merits  some  detail.  They  were  struck  by  the 
irregularity  of  their  results,  and  concluded  that  there  were  no  peculiar 
or  stable  flora  in  the  intestine  except  perhaps  Bacillus  coli  in  the 
lower  intestine.  They  found  "no  marked  differences  between  the 
colonies  on  aerobic  and  anaerobic  plates"  but  frequently  saw  bacteria 
in  smears,  which  they  could  not  cultivate.  They  confirmed  the  observa- 
tions of  previous  research  workers  that  there  were  many  more  bacteria 
in  the  lower  than  in  the  upper  intestine.  They  noted,  however,  that  the 
number  at  all  levels  decreased  greatly  after  starvation,  and  that  the  lower 
limb  of  a  fecal  fistula  became  sterile.  They  concluded  that  bacteria  were 
ingested  with  food  and  water  and  were  killed  in  large  numbers  in  the 
stomach  if  the  food  were  delayed  there  for  a  time.  Viable  bacteria  were 
therefore  scanty  in  the  duodenum  but  multiplied  rapidly  during  their 
passage  through  the  small  intestine.  After  the  passage  of  the  chyme,  if 
no  more  food  was  taken,  the  intestine  tended  to  become  amicrobic. 
They  recommended  the  abstinence  from  food  preliminary  to  operations 
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on  the  stomach  and  duodenum  and  presented  cases  to  prove  that  the 
suggestion  was  a  worthy  one. 

Since  the  pubUcation  of  these  observations,  a  number  of  authors 
have  reported  work  which  contirms  many  of  the  observations  of  Cushmg 
and  Livingood.  The  duodenal  bucket  has  atlorded  to  many  observers, 
Libert,^  Hoefer  "^  and  otiiers,  the  opportunity  to  study  the  bacteria  of 
the  duodenum  under  normal  and  disease  conditions.  There  is  general 
uniformity  of  opinion  that  bacteria  are  found  in  the  upper  intestine  in 
relatively  small  numbers  under  normal  conditions  of  the  stomach  and 
biliary  tract,  but  that  the  organisms  in  the  mouth  and  pharynx  and  those 
contaminating  the  food  and  drink  are  found  in  great  numbers  if  the 
gastric  acidity  is  low,  or  if  the  biliary  tract  is  diseased.  In  191S  and 
1919,  Kendall,"  and  Torrey,*  and  others  since  that  time,  found  that 
changes  in  diet  modify  the  flora  of  the  intestine,  certain  types  of  bacteria 
being  favored  by  certain  food  elements  and  inhibited  by  others.  Rettger 
and  ChepHn  ^  asserted  that  certain  bacteria  may  be  introduced  into  the 
intestine  and  maintain  an  existence  for  a  time,  retarding  the  develop- 
ment of  other  bacteria  which  are  considered  harmful.  Dragstedt  and 
his  co-workers  ^'^  confirmed  the  observation  that  diet  modifies  the  flora 
of  the  intestine,  but  stated  that  if  intestinal  stasis  or  acute  intestinal 
obstruction  is  produced,  no  matter  what  the  predominating  types  were 
before,  the  putrefactive  bacteria  promptly  become  predominant  and 
may  be  responsible  for  the  intoxication  found  in  those  conditions. 

One  is  surprised  to  find  that  many  of  the  reports  in  the  literature  do 
not  mention  that  anaerobic  cultures  have  been  made ;  others  state  that 
there  was  no  difference  between  the  aerobic  and  anaerobic  cultures. 
Many  authors  noted  that  bacteria  frequently  were  seen  in  smears  which 
could  not  be  cultivated.  Gushing  and  Livingood,*  particularly,  described 
a  large  bacillus  which  was  often  present  but  which  would  not  grow.  It 
is  possible  that  these  were  anaer()I)es  which  could  not  develop  in  the 
degree  of  anaerobiosis  attained  by  these  workers.  (  )tliers  have  appre- 
ciated the  importance  of  anaerobic  cultures. 
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\\'ith  the  idea  that  the  anaerobic  organisms  might  be  significant  in 
certain  tvpes  of  intestinal  obstruction,  we  have  made  botli  aerobic  and 
anaerobic  cuhures  in  the  present  study.  We  have  also  attempted  to 
correlate  our  observations  with  the  anatomic  and  certain  of  the  physio- 
logic conditions  revealed  at  subsequent  operations, 

TECH  NIC 

In  a  previous  paper,  we  have  described  the  technic  of  partial  duodenal  obstruc- 
tion in  dogs.'  The  principle  is  to  use  a  living  sheet  or  band  of  parietal  peri- 
toneum and  posterior  sheath  of  the  rectus  from  the  abdominal  wall  and  to  diminish 
the  lumen  of  the  gut  to  considerable  degree  without  obstructing  it  completely. 
All  food  was  withheld  from  the  animals  for  thirty-six  hours  before  operation, 
and  water  was  withheld  for  sixteen  hours.  Specimens  of  duodenal  fluid  were 
obtained  by  stripping  the  gut  approximately  10  cm.  from  the  pylorus  and  clamp- 
ing 5  cm.  of  the  duodenum  thus  stripped  between  two  rubber  protected  clamps. 
We  estimated  that  this  left  approximately  0.5  milliliter  of  fluid,  held  largely 
between  the  crypts  and  folds  of  the  gut.  With  a  syringe  and  a  no.  16  Luer 
needle,  this  segment  of  the  gut  was  washed  thoroughly  with  5  millihters  of  the 
supernatant  fluid  from  0.2  per  cent  dextrose  cooked  meat  medium  from  which 
the  air  had  been  driven  by  boiling.  The  needle  hole  was  closed  with  a  purse 
string  suture  previously  laid  and  tied  as  the  needle  was  withdrawn..  One  milliliter 
of  this  fluid  was  then  planted  into  a  tube  of  dextrose  cooked  meat  medium,  and 
0.1  milliliter  was  transferred  to  the  first  of  a  series  of  twelve  tubes,  each  con- 
taining 0.9  milliliter  of  tlie  supernatant  broth.  After  thorough  shaking,  0.1  millili- 
ter was  transferred  from  the  first  to  the  second  tube  and  so  on  through  the 
series.  Thus  each  tube  contained  approximately  one  tenth  of  the  bacteria  present 
in  the  preceding  tube.  Allowing  for  experimental  error,  the  number  of  organisms 
present  could  be  estimated  within  one  digit.  The  fluid  withdrawn  after  washing 
the  segment  of  the  gut  represented  an  approximate  dilution  of  from  1-10.  In  the 
small  tubes,  the  dilutions  ranged  from  one  to  one  hundred  to  one  to  ten  trillion.  The 
tubes  were  then  incubated  under  strict  anaerobic  conditions  in  a  Mcintosh  and  Fildes 
jar."  In  this  medium  under  these  conditions,  both  aerobes  and  anaerobes  develop, 
satisfactorily.  After  twenty-four  hours  culture,  streaks  were  made  on  5  per  cent 
sheep  blood  agar  plates  from  the  tubes  showing  growth.  One  set  of  plates  was 
incubated  aerobically  and  another  set  anaerobically.  Smears  from  the  broth  indi- 
cated to  what  dilution  each  type  of  organism  had  been  distributed.  On  the  next 
day,  the  plates  were  examined  to  confirm  the  observations  in  the  tubes.  Individual 
colonies  could  then  be  fished  for  further  identification.  From  these  tubes  and 
plates,  an  estimate  could  be  made  of  the  number  of  viable  organisms  of  each 
type  in  the  original  duodenal  fluid.  For  example,  let  us  say  that  five  of  the  small 
tubes  showed  growth.  In  the  first  tube,  gram-positive  cocci,  large  gram-positive 
bacilli  and  small  gram-negative  bacilli  were  found.  Gram-positive  and  gram-negative 
bacilli  were  present  in  the  second  and  third  tubes,  but  only  gram-positive  bacilli 
in  the  fourth  and  fifth.  The  anaerobic  plates  made  from  the  first  of  these  tubes 
showed  the  typical  large  double  zoned  colonies  of  B.  welchii,  small  gray  colonies 
containing  gram-negative  bacilli  and  small  colonies  of  cocci  which  turned  green 
on  exposure  to  the  air.     The  aerobic  plate  from  the  first  tube  showed  only  large 
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gray  colonies  of  gram-negative  bacilli  and  small  green  colonies  of  cocci.  The 
anaerobic  plates  from  the  second  and  third  tubes  developed  typical  B.  welchii 
colonies,  and  small  gray  colonies  of  gram-negative  bacilli.  The  aerobic  plates 
from  these  tubes  showed  only  large  gray  colonies  of  gram-negative  bacilli.  The 
anaerobic  plates  from  the  fourth  and  fifth  tubes  again  showed  B.  wclchii 
colonies,  while  the  aerobic  plates  did  not  show  any  growth.  From  such  observa- 
tions one  could  estimate  that  there  were  between  10  and  100  aerobic  gram-positive 
cocci,  between  1,000  and  10,000  aerobic  gram-negative  bacilli  and  between  100.000 
and  1,000,000  anaerobic  gram-positive  bacilli  in  one  cubic  centimeter  of  the  original 
fluid. 

EXPERIMENTAL     RESULTS 

111  a  preliminary  series,  the  obstruction  was  made  just' above  the 
ileocecal  valve.  In  eleven  dogs,  specimens  of  fluid  were  taken  from  llie 
duodenum,  lower  jejunum  and  lower  ileum  just  above  the  occlusion. 
The  results  in  this  series  were  unsatisfactory,  since  all  but  one  dog  died 
as  a  result  of  the  procedure.  The  causes  of  death  included  general  peri- 
tonitis, acute  obstruction  and  pneumonia.  However,  certain  of  the  pre- 
liminary results  are  of  interest  and  are  included  here,  particularly  the 
ante-obstruction  observations  of  bacteria  in  the  duodenum.  The  results 
from  these  eleven  normal  dogs  were  added  to  the  figures  from  the  four- 
teen dogs  of  a  later  series  in  which  the  obstruction  was  placed  at  the 
lower  end  of  the  duodenum.  Thus  we  obtained  cultures  from  the  duo- 
denum of  twenty-five  normal  animals. 

In  the  early  experiments  the  organisms  found  in  the  lower  intestine 
belonged  to  many  types  which  could  not  be  classified,  and  a  complete 
analysis  was  not  practical.  However,  the  bacteria  in  the  duodenal 
fluid  were  few  in  number  and  variety  and  in  almost  all  cases  could  be 
isolated  and  identified.  It  soon  became  evident  that  there  were  three 
principal  bacterial  groups,  namely,  aerobic  gram-negative  bacilli  of  the 
B.  coli  group,  aerobic  gram-positive  cocci  of  the  nonhemolytic  or 
green  streptococcus  group  and  anaerobic  gram-positive  bacilli  of  the 
B.  welchii  group.  Other  organisms  rarely  found  were  B.  protcus. 
Staphylococcus  aureus  and  albus,  B.  sporogcncs  and  certain  gram- 
positive  aerobic  bacilli.  In  the  later  experiments,  no  attempt  was  made 
to  classify  the  organisms  further  than  to  put  them  into  one  oi  tlicse 
three  groups.     The  results  are  given  in  table  1. 

A  survey  of  these  results  brings  out  certain  points  of  more  or  less 
significance.  First,  let  us  take  the  normal  series.  In  only  one  of  the 
twenty-five  (4  per  cent)  was  the  duodenum  sterile.  In  seven,  the  Welch 
bacilli  existed  alone.  In  three,  the  streptococci  and  in  one  the  colon 
bacilli  existed  alone.  In  six.  all  three  forms  were  found.  The  cocci 
were  present  in  fourteen  and  absent  in  eleven.  The  gram-negative 
bacilli  were  present  in  eleven  and  absent  in  fourteen.  The  gram-positive 
anaerobic  bacilli  were  present  in  seventeen  and  absent  in  eight.  It  is 
seen  that  the  gram-positive  anaerobic  bacillus  was  the  type  most  con- 


sistently  found  in  the  duodenum  of  the  dogs  of  our  series.  If  anaerobic 
cuhures  had  not  been  made,  32  per  cent  instead  of  4  per  cent  would 
have  been  considered  sterile. 

One  is  struck  by  the  high  counts  in  four  of  this  series  of  normal 
dogs.  \\'e  cannot  explain  this  inconsistency  except  to  suggest  that  in 
some  way  or  other  there  was  a  high  intake  of  bacteria  just  before  opera- 
tion. There  is  a  possibility  that  the  dogs  were  fed,  although  the  care- 
takers deny  this,  and  no  food  was  found  in  the  stomach  at  operation. 
It  is  significant  that  these  animals  were  all  operated  on  within  a  single 
week.  It  is  possible  that  they  were  a  poorly  nourished  group.  With 
these  exceptions,  the  bacterial  count  of  the  normal  duodenum  of  our 
dogs  was  low. 

Tabi.k  1. — Results  of  Duodenal  Obstruction  iji  Dogs. 
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In  this  table  and  in  table  2,  0  indicates  no  growth;  1,  from  1  to  100  per  cubic  centimeters;  2, 
from  10  to  100  per  cubic  centimeter;  3,  from  100  to  1,000  per  cubic  centimeter;  4,  from  1,000  to 
10.000  per  cubic  centimeter;  5,  from  10,000  to  100,000  per  cubic  centimeter,  etc.  +  indicates 
Flight  dilatation;  -f-  +  ,  moderate  dilatation;  +  +  +  ,  marked  dilatation;  +  +  +  +  ,  extreme  dilata- 
tion. +  C  indicates  gram-positive  cocci;  — B,  gram-negative  bacilli;  -fB,  gram-positive  bacilli. 
Figures  in  the  "Days  P.O."  column  are  the  number  of  days  after  the  production  of  an 
obstruction  wa.s  jiresent  in  the  duodenum. 

Eleven  of  these  animals  and  one  other  which  did  not  have  an  ante- 
obstruction  culture  taken,  were  reexamined  after  a  partial  obstruction 
had  existed  in  degree  varying  from  slight  to  extensive  for  from  ten  to 
forty-nine  days. 

In  none  of  the  twelve  examinations  was  the  gut  found  sterile.  In 
only  one  did  a  single  type  exist  alone,  and  that  was  the  gram-positive 
anaerobic  bacillus.  In  six,  all  three  forms  were  found.  The  cocci  were 
present  in  nine  and  absent  in  three.     The  gram-negative  bacilli  were 


present  in  ten  and  absent  in  two.  The  gram-positive  anaerobic  bacilli 
were  present  in  eleven  and  absent  in  one.  It  is  seen  that  there  was  a 
striking  increase  in  all  types.  In  general,  the  greatest  increase  in  num- 
bers was  found  when  the  greatest  dilatation  was  present,  but  this  was 
not  invariable.  Fluoroscopic  examinations  as  reported  in  the  previous 
paper  revealed  the  fact  that  the  delay  in  emptying  almost  always 
corresponded  closely  to  the  degree  of  dilatation. 

It  is  seen  that  certain  types  were  present  after  obstruction  which 
were  not  found  before,  and  vice  versa;  also  that  the  type  predominating 
before  had  no  certainty  of  predominating  afterward.  In  general,  the 
gram-negative  bacilli  increased  more  than  the  others  but  not  strikingly, 
as  Dragstedt  ^°  reported  for  his  cases  of  acute  obstruction. 

When  little  obstruction  was  present,  it  was  increased  slightly  at  the 
time  of  the  second  operation  by  tightening  the  band.  Wlien  eleven  of 
the  animals  were  examined  a  third  time,  from  fifty-nine  to  108  days 
after  obstruction,  it  was  found  again  that  in  no  case  was  the  duodenum 
sterile,  and  in  no  instance  did  a  single  type  exist  alone.  In  ten,  all 
three  types  were  present.  The  cocci  were  present  in  ten  and  absent  in 
one.  The  gram-negative  bacilli  and  the  gram-positive  anaerobic  bacilli 
were  present  in  all  instances.  It  is  seen  also  that  there  was  a  general 
increase  in  the  number  of  all  three  types.  Again,  it  is  seen  that  the 
predominating  type  changed,  and  that  the  gram-negative  bacilli  gained 
more  than  the  others.  In  every  instance  but  one,  the  degree  of  dilatation 
either  had  been  maintained  or  had  increased. 

Three  animals  were  examined  a  fourth  time,  from  119  to  121  days 
after  obstruction,  and  again  the  gut  was  not  sterile  in  any  instance.  In 
all  of  the  cases  all  three  types  were  present,  but  the  numbers  were  less 
than  at  the  time  of  the  preceding  examination.  The  gram-negative 
bacilli,  however,  maintained  their  numbers  better  than  either  of  the 
others.    The  degree  of  dilatation  was  somewhat  increased. 

In  eleven  of  the  twelve  dogs  having  a  third  or  fourth  examination, 
cultures  were  made  not  only  of  the  fluid  in  the  gut  above  the  obstruc- 
tion but  also  of  that  from  the  lower  jejunum  for  comparison.  The  gut 
immediately  below  the  obstruction  frequently  was  found  collapsed,  and 
intheregionof  the  middle  of  the  gut  this  condition  was  also  often  present. 
In  seven  of  these  cases  the  number  of  organisms  in  the  lower  jejunum 
Avas  less  than  in  the  duodenum  above  the  obstruction.  In  three 
of  these  seven,  certain  types  which  were  present  a])ove  the  obstruction 
were  absent  below.    These  results  arc  shown  in  table  2. 

At  the  same  time,  cultures  were  made  of  bile  taken  from  the  gall- 
bladder by  aspiration  without  primary  dilution.  In  six  of  the  eleven 
cases,  organisms  were  found  in  considcral)le  numbers.  These  observa- 
tions are  of  great  interest  and  warrant  a  more  extensive  study. 


COMMENT 

Certain  of  our  observations  corroborate  the  work  of  previous 
observers.  Aerobic  bacteria  were  present  in  the  majority  of  duodenums 
of  our  normal  dogs  for  a  considerable  length  of  time  after  the  passage 
of  food  through  the  duodenum.  With  anaerobic  organisms  also  con- 
sidered, it  was  found  that  the  duodenum  was  rarely  sterile.  The  viable 
bacteria  were  enormously  increased  in  number  after  chronic  or  partial 
obstruction  of  the  duodenum  which  produces  a  delay  in  the  passage  of 
intestinal  contents  and  some  degree  of  distention  and  hypertrophy  of 
the  gut  above  the  obstruction.  This  relative  increase  in  the  viable 
organisms  in  the  stripped  gut  was  striking,  but  attention  should  be 
called  to  the  fact  that  the  dilated  lumen  filled  with  material  made  the 
actual  increase  even  greater.  The  amount  of  fluid  probably  did  not  vary 
more  than  three  or  four  times  the  estimated  quantity  in  any  case,  while 
the  number  of  bacteria  per  milliliter  increased  thousands  of  times. 
This  increase  is  probably  caused  by  a  multiplication  of  the  bacteria  in 

T.\BLE  2. — Results  of  Duodena!  Obstruction  in  Dogs  Sliozvn  After  A   Third  or 

Fourth  Exaviinalion 
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the  duodenum.  Any  delay  of  food  in  the  stomach  favors  a  great 
destruction  of  bacteria,  but  when  the  food  mass  has  passed  the  pylorus, 
it  comes  in  contact  with  the  duodenal  fluids  which  have  a  much  weaker 
antiseptic  action. 

The  great  variability  of  the  flora  from  time  to  time  in  animals  with 
duodenal  obstruction,  with  a  predominance  of  now  one  and  now  another 
type,  suggests  that  the  bacteria  are  constantly  changing,  and  that  this 
variation  depends  on  the  intake  and  survival  of  the  different  types  of 
bacteria  rather  than  on  the  variance  of  the  local  conditions.  But 
there  is  some  evidence  that  the  conditions  tend  to  favor  the  predominance 
of  the  gram-negative  organisms.  When  bacteria  are  growing  together  in 
large  numbers,  the  question  of  their  interaction  becomes  an  important 
one.  In  a  number  of  instances  there  seemed  to  be  an  inhibition  of  the 
growth  in  the  test  tube  of  the  gram-positive  anaerobic  bacilli  cultured 
from  our  animals  by  the  gram-positive  aerobic  cocci.     The  symbiosis 


and  antagonism  of  bacteria  are  questions  which  have  been  studied 
greatly  but  have  not  been  elucidated.  Castellani  ^-  has  recently  made 
some  simple  and  convincing  experiments  which  indicate  definitely  that 
certain  organisms  when  growing  together  may  perform  certain  functions 
which  neither  could  accomplish  alone. 

The  fact  that  down  in  the  middle  of  the  intestine  the  viable  bacteria 
were  frequently  less  than  above  the  obstruction  suggests  that,  with  the 
passage  of  the  food  mass  and  a  collapse  of  the  tube,  there  may  be  some 
antiseptic  action  by  the  gut  mucosa  on  the  bacteria  in  immediate  contact 
with  it.  It  is  probable  that  many  bacteria  penetrating  th^  wall  are 
destroyed.  Radel,^^  tried  but  failed  to  demonstrate  any  growth- 
inhibiting  substance  in  extracts  or  emulsions  of  the  stomach  or  intestinal 
wall,  and  suggested  that  whatever  the  antiseptic  action,  it  must  be  a 
function  of  living  cells.  This  may  be  something  of  the  same  nature  as 
that  which  prevents  digestion  of  the  living  mucosa  by  the  digestive 
fluids. 

Our  observations  with  regard  to  the  presence  of  bacteria  in  the  bile 
of  certain  of  the  dogs  with  duodenal  obstruction  is  of  considerable 
importance  and  will  be  continued  and  carefully  controlled.  A  report 
will  be  made  in  a  subsequent  paper. 

It  has  been  found  repeatedly  by  many  observers  that  the  lower  gut 
is  in  contact  with  billions  of  organisms,  while  the  duodenum  normally  is 
not.  The  question  arises  whether  the  lower  gut  normally  has  any 
resistance  to  the  action  or  invasion  of  these  organisms  which  the  duo- 
denum has  not.  May  such  resistance  be  developed  by  the  duodenum 
after  prolonged  contact  with  them?  Although  the  cases  are  too  few  to 
draw  conclusions,  there  is  a  suggestion,  in  the  falling  off  in  numbers  of 
bacteria  in  the  examinations  made  in  the  later  stages  of  obstruction,  that 
this  feature  of  the  problem  may  well  merit  investigation.  One  is 
reminded  of  the  intestinal  immunity  results  of  Besredka  in  this 
connection.^* 

SUMMARY 

1.  In  the  duodenum  of  our  dogs,  bacteria  were  normally  present.  In 
70  per  cent  of  cases  anaerobic  gram-positive  bacilli  of  the  P.  zvclcJiii 
type  were  found.     In  50  per  cent,  varieties  of  the  nonhemolytic  strepto- 
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Diseases.  J.  A.  M  A.  87:15-22   (July  3)   1926. 

13.  Radel,  F.  W. :  Sind  in  der  Diinndarmschleimhut  Bakterienwachstum 
Hemmende  Stoffe  (Bakteriostanine)  nachweisbar?  Ztschr.  f.  d.  gcs.  cxper.  Med. 

48:658-670,  1926. 

14.  Besredka,  A. :    Immunisation  Locale  Pansements  Specifiques.  Pans,  Masson 

&  Cie.,  1925. 


10 

cocci  group  and  in  40  per  cent  members  of  the  B.  coU  group  were 
present.  Thus  the  anaerobic  gram-positive  baciUi  were  the  most  con- 
sistent but  were  not  invariably  present. 

2.  After  partial  obstruction  of  the  duodenum,  these  organisms  were 
found  in  enormously  increased  numbers  varying  with  the  degree  of 
obstruction  and  the  extent  of  cHlatation  of  the  intestine  above  the 
obstruction.  The  greatest  increase  in  numbers  was  with  the  bacilli  of 
the  B.  coll  group,  but  there  was  no  striking  difference  between  this  and 
the  other  types. 

3.  This  increase  was  maintained  for  a  considerable  period,  but  in 
some  cases  there  was  a  decrease  later,  even  though  the  obstruction 
persisted. 

4.  The  flora  of  the  duodenum  in  any  particular  animal  was  not  con- 
stant, now  one  and  now  another  type  predominating. 

5.  The  gut  immediately  below  the  obstruction  was  usually  more  or 
less  collapsed.  In  more  than  half  of  the  cases  of  this  series,  there  were 
fewer  viable  organisms  in  the  lower  jejunum  far  below  the  obstruction 
than  in  the  gut  just  above  the  obstruction. 
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